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ABSTRACT
T h is  i s  a  s t u d y  o f  som e r h y t h m i c  c o m p o n e n ts  o f  h u m a n  b e h a v io u r .  A  
s a m p le  o f  109  ( i n c l u d i n g  4 0  p s y c h i a t r i c  p a t i e n t s )  c o m p le te d  a  lo n g  
t e r m  d a i l y  a s s e s s m e n t  o f  p s y c h o l o g i c a l  a n d  o t h e r  m e a s u r e s ,  n a m e ly  
p u l s e  r a t e ,  b o d y  t e m p e r a t u r e >. b o d y  w e ig h t ,  p e r fo r m a n c e  t e s t  ( d i g i t  
s y m b o l / w o r d  c a n c e l l a t i o n )  a n d  s u b j e c t i v e  r a t i n g s  o f  m o o d . T h e  r a w  
d a t a  o b t a in e d  i n  t h i s  w a y  w a s  t h e n  s u b je c t e d  t o  r i g o r o u s  s t a t i s t i c a l  
a n a l y s i s  b y  F o u r i e r  t r a n s f o r m a t i o n .  T h e  e x t r a c t e d  p o w e r  s p e c t r u m  
w a s  f u r t h e r  s u b je c t e d  t o  F i s h e r ' s  F - r a t i o .  T h e  r e s u l t i n g  d a t a  
i n d i c a t e d  t h e  p r e s e n c e  o f  s i g n i f i c a n t  r h y th m s  w i t h i n  a  r e s t r i c t e d  
b a n d w id t h ,  h a v in g  p e r i o d s  f r o m  23  t o  31 d a y s .  D i f f e r e n t  v a r i a b l e s  
w e r e  fo u n d  t o  b e  a s s o c ia t e d  w i t h  s l i g h t l y  d i f f e r e n t  f r e q u e n c i e s ,  a n d  
t h e  i n t e r i n d i v i d u a l  d i f f e r e n c e s  w e re ,  m a r k e d .  T h u s ,  a l t h o u g h  t h e  
i n t e r i n d i v i d u a l  c o n s i s t e n c y  w a s  a c c e p t a b le ,  p r e d i c t i o n  o f  a n  
i n d i v i d u a l ' s  p o s i t i o n  o n  a n y  c y c l e  c o u ld  n o t  b e  m ade w i t h o u t  f i r s t  
a s s e s s in g  t h e  p e r i o d  f o r  t h a t  i n d i v i d u a l .  T h e r e  w a s  n o  m a rk e d  s e x  o r  
a g e  d i f f e r e n c e  w i t h i n  t h e  g r o u p s .  P s y c h i a t r i c  p a t i e n t s  h a v e  s h o w n  
s i g n i f i c a n t  d i f f e r e n c e s  i n  f r e q u e n c y  o f  r h y th m s  b e tw e e n  t h e  m e a s u re s  
o f  p e r f o r m a n c e ,  b o d y  w e ig h t  a n d  s le e p  r h y t h m s .  T h i s  s t u d y  h a s  
e s t a b l i s h e d  t h e  e x i s t e n c e  o f  som e lo n g  t e r m  r h y th m s  i n  h u m an  b e h a v io u r  
a n d  e x p e r i e n c e ,  b u t  b e c a u s e  o f  t h e  d u r a t i o n  o f  m e a s u r e m e n t ,  w a s  n o t  
a b le  t o  e s t a b l i s h  t o  w h a t  e x t e n t  c h a n g e s  i n  f u t u r e  r h y t h m i c  b e h a v io u r  
o r  e x p e r ie n c e  c o u ld  b e  p r e d i c t e d .  T h e  l i m i t a t i o n s  i n  t h e  p r e s e n t  
s t u d y  a r e  d i s c u s s e d  a n d  s u g g e s t i o n s  f o r  f u r t h e r  r e s e a r c h  p r o v i d e d .
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1 .1  INTRODUCTION
Human b e i n g s  a r e  e v e n t s  i n  ' s p a c e *  a n d  t i m e .  I n d i v i d u a l  b e h a v i o u r  
t a k e s  p l a c e  i n  a  t e m p o r a l  a s  w e l l  a s  a  s p a t i a l  f r a m e w o r k /  a n y  a n a l y s i s  
o f  b e h a v i o u r  i s ,  t h e r e f o r e ,  i n c o m p l e t e  u n l e s s  i t  t a k e s  b o t h  c o n s i d e r a t i o n s  
i n t o  a c c o u n t .  A l t h o u g h  o r g a n i s m i c  b e h a v i o u r  w a s  n e v e r  c o n s i d e r e d  t o  t a k e  
p l a c e  i n d e p e n d e n t  o f  t h e  b o u n d a r y  o f  s p a c e ,  t h e  a s s e s s m e n t  o f  t i m e  
d i m e n s i o n  i n  p s y c h o b i o l o g i c a l  o r g a n i s a t i o n  i s  a  r e c e n t  d e v e l o p m e n t .
T h e s e n s e  a n d  s t r u c t u r e  o f  t i m e  a r e  i m p e r a t i v e  f o r  t h e  o r g a n i s m ' s  a d a p t a t i o n  
a n d  s u r v i v a l ,  t h a t  i s ,  f o r  t h e  r e g u l a t i o n  a n d  c o - o r d i n a t i o n  o f  
b e h a v i o u r a l  p a t t e r n s  w i t h  t h e  e x t e r n a l 4 e n v i r o n m e n t .  T h e  t e m p o r a l  p o i n t s  
o f  r e f e r e n c e  w h ic h  a r e  e s s e n t i a l  f o r  t h e  m a r k in g  o f  t h e  p a s s a g e  o f  t i m e  
a r e  c o n s i d e r e d  t o  b e  p r o v i d e d  b y  t h e  i n d i v i d u a l  o r g a n i s m  i t s e l f .  T h e  
o r g a n i s m ,  h o w e v e r ,  n o t  o n l y  n e e d s  t o  b e  a w a r e  o f  t e m p o r a l i t y ,  b u t  a l s o  
r e q u i r e s  so m e  m e a n s  t o  s y n c h r o n i s e  i t s  a c t i v i t i e s  w i t h  t h e  e x t e r n a l  
m i l i e u ,  s i n c e  t h e  l a t t e r  i s  s p e c t a c u l a r l y  p e r i o d i c  ( e . g .  s o l a r ,  l u n a r ,  
t i d a l  r h y t h m s ) , t h e  e f f i c i e n t  f u n c t i o n i n g  o f  t h e  o r g a n i s m  i n  t u r n ,  
r e q u i r e s  a  p e r i o d i c  t i m i n g  m e c h a n is m . T h i s  a s s u m p t i o n  f o r  t h e  n e e d  o f  a  
t i m i n g  m e c h a n is m  f o r  a d a p t a t i o n a l  a n d  p r e d i c t i v e  p u r p o s e s  u n d e r l i e s  t h e  
q u e s t  f o r  t h e  s o  c a l l e d  " B i o l o g i c a l  C lo c k " ,  i n  t h e  i n d i v i d u a l ' s  
f u n c t i o n i n g  a n d  o r g a n i s a t i o n .  T h e  t e r m i n o l o g y  u s e d  f o r  s u c h  a  
c o n c e p t  i s  B i o l o g i c a l  R h y th m s .
T h i s  s e c t i o n  i s  p r i m a r i l y  c o n c e r n e d  w i t h  p r o v i d i n g  a  s y n o p s i s  o f  t h e  
a t t r i b u t e s  a n d  s i g n i f i c a n c e  o f  B i o l o g i c a l  R h y th m s i n  t h e  b e h a v i n g  
o r g a n i s m .
B i o l o g i c a l  R h y th m s i s  a  d e r i v a t i o n  fr o m  t h e  G r e e k  t e r m  B i o s  ( l i f e )  a n d  
R h y th m o s  ( f l o w ) . T h e  w o r d  r h y th m  i t s e l f  i s  p r i m a r i l y  a s s o c i a t e d  w i t h -  
m u s i c , i t s  u s e  f o r  n a t u r a l  p h e n o m e n a  i s  m e t a p h o r ic  d e n o t i n g  p e r i o d i c i t y  
i n  u n i t s  o f  t i m e . B i o l o g i c a l  t i m e  s t r u c t u r e  i n v e s t i g a t i o n  i s  t h e
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e m p h a s i s  o n  a  s i m i l a r  p e r i o d i c  c h a r a c t e r i s t i c  o f  t h e  o r g a n i s m .  T h e  
c o n t e n t i o n  i s  t h a t  t h e  o r g a n i s m  i s  a  d i f f e r e n t  e n t i t y  a t  d i f f e r e n t  
p h a s e s  o f  t h e  t i m e  a n d  s h o u l d  b e  t r e a t e d  a s  s u c h .  T h e  i m p l i c a t i o n  i s  
c e r t a i n l y  n o t  t h a t  t h e  o r g a n i s m i c  b e h a v i o u r  i s  e n d l e s s l y  n o v e l ,  i n s t e a d  
i t  i s  r h y t h m ic  b e h a v i o u r  w h ic h  o s c i l l a t e s  w i t h  r e g u l a r  i d e n t i f i a b l e  
p a t t e r n i n g  w h ic h  c o u l d  b e  e x p l o i t e d  f o r  p r e d i c t i o n  a n d  c o n t r o l  o f  
b e h a v i o u r .
O s c i l l a t i o n  i n  t h e  b e h a v i o u r a l  p a t t e r n  o f  t h e  i n d i v i d u a l  i s  c o n s i d e r e d  
t o  b e  a  b a s i c  p r o p e r t y ,  t h e  s p e c t r u m  o f  t h e  p e r i o d  l e n g t h s  i n  w h ic h  t h e  
b e h a v i o u r  f l u c t u a t e s  a r e  v a r i e d  c o n s i s t i n g  o f  r a n g e s  fr o m  c y c l e s  p e r  
s e c o n d  t o  c y c l e s  p e r  y e a r ,  i n c l u d i n g  r a p i d  c e l l u l a r  r h y th m s  a t  t h e  o n e  
e n d  t o  t h e  a c t i v i t i e s  o f  t h e  o r g a n i s m  a s  a  w h o le  o n  t h e  o t h e r  e n d .  I n  
e a c h  c a s e ,  p e r i o d i c i t y  i s  i n t e r p r e t e d  a r b i t r a r i l y ,  i n  t h e  s e n s e  t h a t  
o t h e r s  m i g h t  h a v e  b e e n  e q u a l l y  w e l l  s e l e c t e d ,  t h o u g h  t h e y  d o  p o s s e s s  
so m e  b i o l o g i c a l  o r  e n v i r o n m e n t a l  b a s i s .
T h e c l a s s i f i c a t i o n  o f  r h y th m s  s e r v e s  u s e f u l  p u r p o s e s  f o r  c l a r i t y  a n d  
d e e p e r  u n d e r s t a n d i n g  o f  b e h a v i o u r .  T h e  t h r e e  i m p o r t a n t  s p e c t r a l  
c l a s s i f i c a t i o n s  o f  hum an r h y th m s  a r e  (a )  u l t r a d i a n ,  (b ) c i r c a d i a n ,
( c )  i n f r a d i a n .
T h e d o m a in  o f  u l t r a d i a n  r h y th m s  -  b y  a n a l o g y  t o  t h e  p h y s i c a l  
c l a s s i f i c a t i o n  o f  u l t r a  v i o l e t  o r  u l t r a  s o u n d  -  c o n s i s t s  o f  h i g h  f r e q u e n c y  
r h y th m s  w i t h  p e r i o d  l e n g t h  o f  l e s s  t h a n  t w e n t y  f o u r  h o u r s .  T h e r h y th m  
i n c l u d e s  s u c h  f u n c t i o n s  a s  r e s p i r a t i o n ,  r e s t  a c t i v i t y ,  b r a i n  w a v e  c h a n g e s .
T h e  s e c o n d  i m p o r t a n t  d o m a in  a n d  t h e  m o s t  w i d e l y  s t u d i e d  o n e  i s  t h e  
c i r c a d i a n  r h y th m . T h e  t e r m  i s  a  d e r i v a t i o n  fr o m  L a t i n ,  c i r c a  ( a b o u t )  
d i e s  ( d a y ) , w i t h  a  p e r i o d  o f  2 4  h o u r s .  A lm o s t  a l l  b o d i l y  f u n c t i o n s  w h ic h  
a r e  a m e n a b le  f o r  m e a s u r e m e n t  e x h i b i t  a  2 4 - h o u r  f l u c t u a t i o n .  T h e  m o s t  
co m m o n ly  r e c o g n i s e d  e x a m p le  o f  a  c i r c a d i a n  r h y th m  i n  m an i s  t h e  
r e c u r r e n t  p h e n o m e n o n  o f  n o c t u r n a l  s l e e p .  O t h e r  hum an c i r c a d i a n  r h y th m s  
w h ic h  h a v e  b e e n  c l e a r l y  d e m o n s t r a t e d  a r e  t h o s e  o f  t h e  m e t a b o l i c  p r o c e s s e s ,  
u r i n a r y  e x c r e t i o n  o f  e l e c t r o l y t e s ,  e t c .
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T h e  t h i r d  d o m a in  i s  t h e  i n f r a d i a n  r h y t h m , w h ic h  i s  a g a i n  b y  a n a l o g y  t o  
p h y s i c a l  c l a s s i f i c a t i o n  o f  i n f r a  r e d  o r  i n f r a  s o u n d ,  t h a t  i s ,  lo w  f r e q u e n c y  
r h y t h m , w h ic h  i s  f u r t h e r  s u b d i v i d e d  i n t o  c i r c a s e t i d i a n  ( w e e k l y ) , 
c i r c a t r i n g t e n  ( m o n t h ly )  a n d  c i r c a n n u a l  ( s e a s o n a l )  r h y t h m s .
M ost, o f  t h e  s p e c t r a l  c l a s s i f i c a t i o n  o f  r h y th m s  h a v e  t h e i r  m a j o r  
e n v i r o n m e n t a l  c o r r e l a t e s . T h e  2 4 - h o u r  c i r c a d i a n  o r g a n i s a t i o n  i n  h u m a n s  
i s  p a r a l l e l e d  b y  2 4 - h o u r  s o l a r ,  i . e .  d a y  a n d  n i g h t  c y c l e  c a u s e d  b y  t h e  
E a r t h ' s  a x i a l  r o t a t i o n .  T h e  i n f r a d i a n  r h y th m  i s  p a r a l l e l e d  b y  t h e  l u n a r  
r h y th m  o f  2 9 . 5  d a y s  e n s u i n g  a s  a  r e s u l t  o f  t h e  m o n t h ly  r o t a t i o n  o f  t h e  
m o o n , a n d  s e a s o n a l  r h y th m  c a u s e d  b y  t h e  r o t a t i o n  o f  t h e  s u n  a r o u n d  i t s  
a x i s .
P l a n t s  a n d  a n i m a l s  i n c l u d i n g  m a n , e x i s t i n g  i n  e n v ir o n m e n t  r i c h  i n  c y c l i c  
v a r i a t i o n  a s  d e s c r i b e d  a b o v e ,  a r e  b o u n d  t o  r e g u l a t e  t h e i r  f u n c t i o n s  o f  
g r o w t h  a n d  b e h a v i o u r  t o  o n e  o r  m o r e  o f  t h e s e  p e r i o d i c  f a c t o r s .  T h e  s o l a r  
c y c l e ,  f o r  i n s t a n c e ,  s y n c h r o n i s e s  o r  a c t s  a s  a  " z e i t g e b e r "  ( t i m e  g i v e r )  
t o  t h e  s l e e p - w a k e f u l n e s s  c y c l e  o r  t h e  r e s t - a c t i v i t y  c y c l e  w h ic h  i n  t u r n  
a c t s  a s  a  t i m e  g i v e r ,  w o r k in g  u p o n  p h y s i o l o g i c a l l y  b a s e d  p r o c e s s e s  w i t h i n  
t h e  o r g a n i s m r I t  f o l l o w s  t h a t  c e r t a i n  p s y c h o l o g i c a l  a n d  c h e m i c a l  r e a c t i o n s  
i n  t h e  b o d y  t o o  w o u ld  b e  r h y t h m ic  i n  o r d e r  t o  b e  s y n c h r o n o u s  w i t h  t h e  
r e s t - a c t i v i t y  p a t t e r n .  E n d o c r i n e ,  p l a s m a ,  b l o o d  e r y t h r o c y t e  f u n c t i o n i n g  
a l l  h a v e  b e e n  sh o w n  t o  v a r y  o v e r  t h e  t w e n t y  f o u r  h o u r  s p a n .  I t  d o e s  n o t  
f o l l o w  t h a t  t h e s e  r h y th m s  a r e  d e t e r m i n e d  b y  t h e  e n v i r o n m e n t a l  r h y t h m s ,  
f o r  i n s t a n c e  t h e  a b o v e  m e n t io n e d  a r e  n o t  n e c e s s a r i l y  d e t e r m i n e d  b y  t h e  
r e s t - a c t i v i t y  c y c l e ,  b u t  a  d i s t u r b a n c e  i n  t h e  l a t t e r  i s  m a n i f e s t e d  i n  
t h e  f o r m e r .
A t i m i n g  c a p a c i t y  g e a r e d  t o  t h e  p e r i o d i c  v a r i a t i o n  o f  t h e  n a t u r a l  
e n v ir o n m e n t  i s  i n d e e d  a  m o s t  u s e f u l  a t t r i b u t e ;  h o w e v e r ,  i t  d o e s  n o t  
f o l l o w  t h a t  t h e  r h y th m  c o n t r o l  m e c h a n is m  i s  e x t e r n a l .  A s  a  m a t t e r  o f  
f a c t ,  t h e r e  a r e  tw o  d i a g o n a l l y  o p p o s i t e  c o n t r o l  t h e o r i e s  a b o u t  t h e  
o c c u r r e n c e  o f  r h y t h m s .  O ne v i e w p o i n t  s t r e s s e s  t h e  e n d o g e n o u s  ( i n t e r n a l )  
o r  s p o n t a n e o u s  g e n e r a t i o n  o f  r h y t h m s ,  r e s u l t i n g  fr o m  a  s e l f  c o n t a i n e d  
f e e d b a c k  s y s t e m -  m a s t e r  o s c i l l a t o r  i n  t h e  o r g a n i s m  w h ic h  i s  i n d e p e n d e n t
o f  t h e  e x t e r n a l  e n v i r o n m e n t .  T h e  o t h e r  v i e w p o i n t  e m p h a s i s e s  t h e  
e x o g e n o u s  ( e x t e r n a l )  g e n e r a t i o n  o f  r h y t h m s ,  m a i n l y  t h r o u g h  t h e  g e o ­
p h y s i c a l  c l u e s ,  f o r  e x a m p l e ,  t h e  c o s m i c  c l u e s ,  e n e r g y  f r o m  t h e  s u n  o r  
b a r o m e t r i c  p r e s s u r e ,  e t c .  A l t h o u g h  a s  m o r e  i n f o r m a t i o n  b e c o m e s
a v a i l a b l e  i t  s e e m s  a p p a r e n t  t h a t  b o t h  m e c h a n is m s  a r e  i m p o r t a n t  i n  r h y th m  
c o n t r o l ,  t h e  i n f l u e n c e  v a r y i n g  o r  s o m e t im e s  e v e n  d i m i n i s h i n g ,  a c c o r d i n g  
t o  t h e  f u n c t i o n a l  n a t u r e  o f  t h e  m e c h a n is m .
A s t h e  o r g a n i s m s  w h o le  b e i n g  i s  th r o w n  p e r i o d i c a l l y  i n t o  a c t i v i t y ,  t h e  
v a r i a t i o n  o c c u r s  n o t  o n l y  i n  t h e  m u l t i p l i c i t y  o f  s u p p o r t i n g  p h y s i o l o g i c a l  
a n d  c h e m i c a l  f u n c t i o n i n g .  S i m i l a r  c h a n g e s ,  p e r h a p s  s l i g h t l y  l e s s  
p e r c e p t i b l e  a n d  s u p e r i m p o s e d  b y  t h e  s o c i a l  s y n c h r o n i s e r s ,  t a k e  p l a c e  o n  
s u c h  p s y c h o l o g i c a l  f u n c t i o n i n g  a s  p e r f o r m a n c e ,  l e a r n i n g ,  m em ory a n d  m ood  
w h ic h  a r e  c l e a r l y  l i n k e d  u p  a n d  i n  so m e  c a s e s  d e t e r m i n e d  b y  t h e  
p h y s i o l o g i c a l  a n d  c h e m i c a l  f l u c t u a t i o n s .  A t t e n t i o n ,  f o r  i n s t a n c e ,  w a x e s  
a n d  w a n e s  p e r i o d i c a l l y  w h ic h  w o u ld  b e  e x p e c t e d  t o  i n f l u e n c e  t h e  e f f i c i e n c y  
a n d  p e r f o r m a n c e  o u t p u t .  I n  a  s i m i l a r  f a s h i o n  l e a r n i n g  a n d  m em ory t o o  
w o u ld  h a v e  a  t i m i n g  f a c t o r .  F o l l o w i n g  t h e  p a t t e r n i n g  o f  p h y s i o l o g i c a l  
a n d  c h e m i c a l  c h a n g e s  t h e  o r g a n i s m  w o u ld  n o t  e x h i b i t  t h e  sa m e l e v e l  o f  
s u s c e p t i b i l i t y  a t  d i f f e r e n t  t i m e s  t o  t h e  sa m e e m o t i o n a l l y  l a d e n  s t i m u l u s .
S o  w o u ld  t h e  s t r e n g t h  o f  c o n d i t i o n i n g ;  t h u s  c o n d i t i o n i n g  o f  f e a r  w o u ld  b e  
s t r o n g e r  a n d  m o re  e a s i l y  a c c o m p l i s h e d  a t  o n e  t im e  p o i n t  t h a n  a t  a n o t h e r ,  w h ic h  
m ay b e  p a r t i c u l a r l y  r e l e v a n t  t o  p s y c h o t h e r a p e u t i c  s i t u a t i o n s  w h en  i t  
c o m e s  t o  r e v e r s i n g  t h e  s i t u a t i o n  fr o m  l e a r n e d  t o  u n l e a r n e d .
T h u s ,  i t  s e e m s  i m p o r t a n t  b o t h  t o  a c k n o w le d g e  o r  b e  a w a r e  t h a t  o r g a n i s m i c  
b e h a v i o u r  i s  r h y t h m i c ,  t h a t  t h e  o r g a n i s m  i s  n o t  t h e  sa m e b i o l o g i c a l  o r  
p s y c h o l o g i c a l  e n t i t y  a t  d i f f e r e n t  t i m e  p o i n t s ,  a n d  t o  u t i l i s e  t h i s  
k n o w le d g e  i n  o r d e r  t o  t a k e  a d v a n t a g e  o f  r h y th m s  o r  a t  l e a s t  n o t  b e  b e  
p u t  a t  a  d i s a d v a n t a g e  -d u e  t o  t h e s e .  B e c a u s e  o f  i t s  v e r y  n a t u r e  t h e  
o r g a n i s m  c a n n o t  b e  e x p e c t e d  t o  m a i n t a i n  a  s t a t i c  l e v e l  o f  m e n t a l  
c a p a c i t i e s  a n d  p h y s i c a l  a n d  e m o t i o n a l  s t r e n g t h  o r  w e a k n e s s .  A ny  
i n v e s t i g a t i o n  p e r f o r m e d  i n  i g n o r a n c e  o f  t h i s  k n o w le d g e  w o u ld  r e s u l t  i n  
i n c o m p l e t e  o r  e v e n  m i s l e a d i n g  i n f o r m a t i o n .  T h i s  i s  p a r t i c u l a r l y  r e l e v a n t  
i n  a  s i t u a t i o n  o f  t e s t i n g  a n d  r e t e s t i n g ,  w h e t h e r  b e  i t  i n  p e r c e p t u a l
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j u d g e m e n t ,  l e a r n i n g  o r  m em o ry . I n  t h e s e  s i t u a t i o n s  w h a t  w o u ld  n o r m a l l y  b e  
c o n s i d e r e d  a  ra n d o m  c h a n c e  v a r i a b i l i t y  c o u l d  v e r y  w e l l  b e  t h e  c o n s e q u e n c e  
o f  t e s t i n g  t h e  sa m e i n d i v i d u a l  a t  tw o  d i f f e r e n t  t i m e  p o i n t s  o f  t h e  c y c l e ,  
t h a t  i s ,  n o t  t a k i n g  i n t o  a c c o u n t  t h e  i n t r a  i n d i v i d u a l  v a r i a b i l i t y .
U n t i l  q u i t e  r e c e n t l y  t h e  p r o b le m  o f  i n t r a  o r g a n i s m i c  v a r i a b i l i t y  w a s  
e s s e n t i a l l y  i g n o r e d  i n  m o s t  o f  t h e  b e h a v i o u r a l  s t u d i e s ,  e s p e c i a l l y  i n  
p s y c h o l o g i c a l  r e s e a r c h ,  w h ic h  c o u l d  b e  t h e  u n d e r l y i n g  r e a s o n  f o r  a  l a r g e  
n u m b er  o f  d i f f i c u l t i e s  i n  r e p l i c a t i o n  s t u d i e s  a n d  r e s u l t i n g  c o n t r a d i c t o r y  
a n d  s o m e t im e s  e v e n  c o n f u s i n g  r e s u l t s .  I t  a p p e a r s  t h a t  t h e  a c c e p t a n c e  o f  
r h y t h m ic  o c c u r r e n c e  i n  t h e  b e h a v i o u r a l  p a t t e r n  h a s  b e e n  a  v e r y  s l o w  a n d  
g r a d u a l  d e v e l o p m e n t ,  b e g i n n i n g  w i t h  t h e  a c k n o w le d g e m e n t  o f  t h e  f a c t  o f  
t e m p o r a l i t y  o r  s i g n i f i c a n c e  o f  t i m e  i t s e l f ,  a r o u n d  w h ic h  t h e  r h y th m s  
r e v o l v e .  T h i s  w o u ld  b e  t h e  t o p i c  o f  c o n c e r n  i n  t h e  f o l l o w i n g  s e c t i o n .
A
1 . 2  HISTORICAL PERSPECTIVE
T h e  m ed iu m  a r o u n d  w h ic h  B i o l o g i c a l  R h y th m s r e v o l v e  i s  ' t i m e 1 . T h i s  
s e c t i o n  i s  c o n c e r n e d  w i t h  a  v e r y  b r i e f  h i s t o r i c a l  s k e t c h  o f  t i m e  a s  
p e r c e i v e d  a n d  t i m e  a s  m e a s u r e d .  T h e  t i m e  a s  m e a s u r e d  b y  b i o l o g i c a l  
s y s t e m s  ( i t  s h o u l d  b e  r e m e m b e r e d  t h a t  b i o l o g i c a l  t i m e  m e a s u r e m e n t  i s  u s e d  
i n  t h e  s e n s e  o f  p e r t a i n i n g  t o  t h e  t e m p o r a l  o r g a n i s a t i o n  o f  t h e  b i o l o g i c a l  
s y s t e m  a n d  n o t  a s  a  p o s t u l a t e d  h o u r - c o u n t i n g  m e c h a n i s m ) ,  i s  o f  c o u r s e ,  
d i f f e r e n t  fr o m  c o n s c i o u s  o r  s u b c o n s c i o u s  t i m e  w h ic h  i s  r e n d e r e d  e v e n  m o re  
c o m p l i c a t e d  b y  i t s  d e p e n d e n c e  o n  l e a r n i n g  a n d  m em ory  , a l t h o u g h  t h e r e  d o e s  
se e m  t o  b e  a  s u b t l e  l i n k i n g  b e t w e e n  t h e  B i o l o g i c a l  C lo c k  a n d  t h e  i n d i v i d u a l ' s  
i n t e r p r e t a t i o n  o f  t i m e .  A c h a n g e  i n  b o d y  t e m p e r a t u r e ,  f o r  i n s t a n c e ,  
r e s u l t s  i n  a  s u b s e q u e n t  c h a n g e  i n  t h e  p e r s o n ' s  p e r c e p t i o n  o f  t h e  p a s s a g e  
o f  t i m e .  P s y c h o t i c  p a t i e n t s ,  b e c a u s e  o f  t h e i r  d i s e a s e  e n t i t y ,  a l s o  h a v e  
b e e n  sh o w n  t o  e x h i b i t  d i s t o r t i o n  o f  t i m e  s e n s e .  I t  a p p e a r s  t h a t  
c o g n i t i v e  t i m e  s e n s e  m ay h a v e  a n  u n d e r l y i n g  r h y th m  w i t h i n  t h e  s u p e r ­
i m p o s i t i o n  o f  s o c i a l  a n d  p s y c h o l o g i c a l  f a c t o r s  w h ic h  s e e m  t o  c o n t r o l  
th e m . H o w e v e r ,  t h e  m e a n in g  o f  t i m e  i t s e l f  h a s  b e e n  a  c o n t r o v e r s i a l  i s s u e .
I t  s e e m s  i m p o r t a n t  t o  a d o p t  so m e  o p e r a t i o n a l  c o n c e p t  o f  t i m e  b e f o r e  
c o m m e n c in g  t h e  s t u d y .  I t  t h e r e f o r e  s e e m s  r e l e v a n t  t o  r e v i e w  t h e  c o n s t r u c t
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o f  t i m e ,  t h o u g h  l a c k  o f  s p a c e  p e r m i t s  o n l y  a  v e r y  b r i e f  su m m a ry .
A l t h o u g h  i n t e r e s t  i n  r h y t h m ic  f u n c t i o n  d a t e s  b a c k  t o  1 7 2 9 ,  w h en  D e M a ir a n  
f i r s t  b e c a m e  i n t e r e s t e d  i n  d i u r n a l  r h y t h m ic  m o v e m e n t o f  l e a v e s ,  t h e  m ed iu m  
a n d  c o m p l e x i t y  o f  t i m e  a s  s u c h  h a s  a lw a y s  p o s s e s s e d  a n  i n h e r e n t  
f a s c i n a t i o n  f o r  m a n k in d . D im e n s io n  o f  t i m e  h a s  i n t r i g u e d  p h i l o s o p h e r s ,  
p h y s i c a l  s c i e n t i s t s  a n d  c u l t u r a l  a n t h r o p o l o g i s t s  f o r  c e n t u r i e s .  E v e r y  
d i s c i p l i n e  h a s  v i e w e d  t i m e  fr o m  a  d i f f e r e n t  a n g l e  b u t  t h e  u l t i m a t e  q u e s t  
i s  t o  s e e k  t h e  t r u t h  a b o u t  t i m e  t o  f i n d  m a n 's  p l a c e  i n  t h e  t e m p o r a l  
s e q u e n c e .
1 . 2 . 1  TIME IN  PHILOSOPHIC THOUGHT
F o r  t h e  p h i l o s o p h e r s  " m y s t e r y  o f  t i m e  i s  t h e  m y s t e r y  o f  e x i s t e n c e  o f  r e a l  
i n d i v i d u a l s "  (D ew ey  1 9 2 9 ) .  M o s t  p h i l o s o p h i c  t h o u g h t  e v a d e d  t h e  p e r v a s i v e  
f a c t  o f  t e m p o r a l i t y  a n d  a t  b e s t  h a s  b e e n  s c e p t i c a l  a b o u t  t h e  u l t i m a t e  
s i g n i f i c a n c e  o f  t i m e  u n t i l  P l a t o ,  w ho i n s i s t e d  t h a t  t i m e  i s  t h e  n e c e s s a r y  
p r i n c i p l e  o r d e r  i n  t h e  w o r l d  o f  n a t u r e ,  a  s e c o n d  o r d e r  o f  r e a l i t y .  T im e  
a s  P l a t o  sa w  i t  w a s  a  c r e a t e d  m od e o f  o r d e r i n g  o f  s p a t i a l  m o v e m e n t .
A r i s t o t l e  ( 3 8 4 - 3 2 2  B C ) , o n  t h e  o t h e r  h a n d ,  w a s  m o r e  c o n c e r n e d  w i t h  
m e a s u r e a b i l i t y  o f  t i m e ,  h i s  i d e a  o f  t i m e  w a s o n e  o f  a  c o m b i n a t i o n  o f  
c h a n g e  a n d  p e r m a n e n c e .
F o r  L o c k e  ( 1 6 3 2 - 1 7 0 4 ) ,  p r o b le m  o f  t i m e  w a s  d i f f e r e n t l y  c o n c e i v e d ,  f o r  h im  
t i m e  a n d  d u r a t i o n  c o u l d  b e  t r a c e d  b a c k  t o  s e n s a t i o n  a n d  r e f l e c t i o n ,  t h e  
tw o  s o u r c e s  o f  k n o w l e d g e .  He w a s  o p p o s e d  t o  K a n t i a n  a n d  L i e b n i z ' s  t h e o r y  
o f  i n n a t e  i d e a s .  A c c o r d i n g  t o  L o c k e ,  t h e  c o m p le x  n o t i o n s  o f  t i m e  a r e  
b u i l t  u p  f r o m  s i m p l e  e x p e r i e n c e  a n d  d u r a t i o n .
T h e  f u n d a m e n t a l  p r e m i s e  o f  L o c k e ' s  t h a t  i n d i v i d u a l ' s  i d e a s  f o l l o w  e a c h  
o t h e r  i n  a  r e g u l a r  s e q u e n c e  w a s  c r i t i c i s e d  b y  L i e b n i z ,  w h o  r e g a r d e d  t h e  
e s s e n t i a l  f e a t u r e  o f  t i m e  a s  s u c c e s s i o n .  He a l s o  r e j e c t e d  t h e  D e s c a r t e s - . ' . ,  
N e w to n  fr a m e w o r k  o f  a b s o l u t e  t i m e  a n d  s p a c e ,  a n d  a r g u e d  t h a t  s p a c e  a n d  t i m e  
a r e  m e r e l y  s e t s  o f  r e l a t i o n s  b e t w e e n  t h i n g s  w h ic h  a r e  i n  s p a c e  a n d  t i m e .
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L i e b n i z  a r g u e d  t h a t  s p a c e - t i m e  a s  s u c h  a r e  n o t  p e r c e i v e d ,  w h a t  i s  
p e r c e i v e d  i s  t h e  o r d e r  o f  c h a n g i n g  t h i n g s  a n d  i t  i s  t h i s  o r d e r i n g  i n  
t e r m s  o f  s p a c e  a n d  t i m e .
T h e s i g n i f i c a n c e  o f  t i m e  w a s  b r o u g h t  o u t  o f  t h e  s h a d o w s  b y  K a n t  
( 1 7 2 4 - 1 8 0 4 ) ,  w ho r e g a r d e d  t ir q e  a s  t h e  fo r m  o f  p u r e  ' i n t u i t i o n 1 ; i t  s h o u l d  
b e  r e m e m b e r e d  t h a t  t h e  t e r m  i n t u i t i o n  b y  K a n t  i s  n o t  u s e d  i n  t h e  com m on  
s e n s e  t e r m i n o l o g y  b u t  i n  t e r m s  o f  p e r c e p t i o n ,  t h a t  i s ,  t i m e  a n d  s p a c e  a r e  
t h e  f o r m s  o f  p e r c e p t i o n  t h a t  o n e  i m p o s e s  o n  t h e  w o r l d .  K a n t  p r e s e n t e d  t i m e  
a s  t h e  g r o u n d  o f  a l l  c o g n i t i v e  e x p e r i e n c e ,  t h a t  i s ,  a c c o r d i n g  t o  h im ,  i d e a s  
m u s t  b e  t e m p o r a l i s e d ,  m u s t  b e  b r o u g h t  w i t h i n  t h e  fo r m  o f  t i m e  i n  o r d e r  t o  
h a v e  c o g n i t i v e  r e l e v a n c e .  L i k e  P l a t o ,  K a n t  h a s  a l s o  l o c a t e d  t h e  p r o b le m  
o f  t i m e  a t  t h e  c e n t r e  o f  p h i l o s o p h y ,  " t i m e  i n v a d e s  t h e  t r a d i t i o n a l l y  
t i m e l e s s  s a n c t u a r y  o f  t h e  ' a  p r i o r i ' " .
it
K a n t  p r o v i d e d  t h e  l e a d  m uch  n e e d e d  b y  t h e  p h i l o s o p h e r s ,  b u t  h e  d i d  n o t  
d w e l l  t o o  d e e p l y  a b o u t  t h e  t r u t h  o f  t i m e .  I t  w a s  l e f t  t o  H e i d e g g e r (1 9 2 6 )  
t o  e l a b o r a t e  t h e  r o l e  o f  t i m e  a n d  m ak e i t  t h e  c e n t r a l  c a t e g o r y  o f  h u m an  
e x p e r i e n c e ,  " t h e  t i m e  i n  w h ic h  e n t i t i e s  a r e  e n c o u n t e r e d  s h o u l d  b e  
a n a l y z e d  i n  p r i n c i p l e  s i n c e  n o t  o n l y  h i s t o r y  b u t  n a t u r a l  p r o c e s s e s  t o o  
a r e  d e t e r m i n e d  i n  t i m e " .
B e r g s o n  ( 1 8 5 9 - 1 9 4 1 )  p r o t e s t e d  r e a d i n g  o f  t i m e  i n  t e r m s  o f  s p a c e \ h e  
r e j e c t e d  t h e  n o t i o n  o f  t i m e  a s  m e r e l y  t h e  f o u r t h  d i m e n s i o n  o f  s p a c e ,  f o r  
h im  t i m e  w a s >t h e  c o n t i n u i t y  o f  d u r a t i o n .  A c c o r d i n g  t o  B e r g s o n ' s  p h i l o s o p h y  
o f  t i m e , p h y s i c a l  t i m e  i s  s o m e t h i n g  s p e c i a l i s e d  a n d  i n t e l l e c t u a l i s e d ,  
w h e r e a s  t h e  r e a l  t h i n g  w i t h  w h ic h  t h e  i n d i v i d u a l  i s  a c q u a i n t e d  i s  d u r a t i o n .  
B e r g s o n  r e g a r d e d  m e a s u r i n g  t i m e  a s  n o t h i n g  b u t  c o u n t i n g  s i m u l t a n e i t i e s  -  
t o  a n n o u n c e  t h a t  s o m e t h i n g  w i l l  t a k e  p l a c e  i n  t i m e  i s  t o  d e c l a r e  t h a t  
c o n s c i o u s n e s s  w i l l  n o t e  b e t w e e n  n ow  a n d  t h e n  a  n u m b er  o f  s i m u l t a n e i t i e s  
o f  a  c e r t a i n  k i n d .
1 . 2 . 2  TEMPORAL STRUCTURE IN  PHYSICS
P h y s i c i s t s  h a v e  b e e n  i n t e r e s t e d  i n  t h e  n a t u r e  o f  t i m e ' s  f l o w .  T h e
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p r e v a i l i n g  c o n c e p t  i s  o n e  o f  l i n e a r i t y  a n d  c o n t i n u o u s  f l o w .  T h e r e  a r e  
tw o  i m p o r t a n t  p h y s i c a l  t h e o r i e s  w h ic h  'h a d  a  g r e a t  im p a c t  o n  b o t h  
p h i l o s o p h i c  a n d  p s y c h o l o g i c  t h i n k i n g  o f  t i m e .  T h e s e  a r e  N e w t o n ' s  t h e o r y  
o f  a b s o l u t e  t i m e  a n d  E i n s t e i n ' s  r e l a t i v i s t i c  t h e o r y .
N e w t o n ia n  t h e o r y  o f  a b s o l u t e  t i m e  a s s u m e s  t h a t  t i m e  i s  a n  a b s o l u t e , a  
c o n s t a n t  p r o c e e d i n g  a t  so m e  u n k n o w a b le  r a t e ;  s p a c e  a n d  t i m e  a r e  l o g i c a l l y  
p r i o r  t o  a n y  o b j e c t s .  " A b s o l u t e  t r u e ‘a n d  m a t h e m a t i c a l  t i m e  o f  i t s e l f ,  
a n d  fr o m  i t s  ow n n a t u r e ,  f l o w s  e q u a b l y  w i t h o u t  r e l a t i o n  t o  a n y  t h i n g  
e x t e r n a l  a n d  b y  a n o t h e r  n am e i s  c a l l e d  d u r a t i o n ;  r e l a t i v e  a p p a r e n t  a n d  
com m on t i m e ,  i s  so m e  s e n s i b l e  a n d  e x t e r n a l  ( w h e t h e r  a c c u r a t e  o r  
u n e q u a b l e )  m e a s u r e  o f  d u r a t i o n  b y  m e a n s  o f  m o t io n  w h ic h  i s  co m m o n ly  u s e d  
i n s t e a d  o f  t r u e  t i m e  . . . "
I n c o m p a t i b l e  t o  N e w t o n ia n  c o n c e p t  o f  a b s o l u t e  t i m e  i s  t h e  o n e  p r e s e n t e d  
b y  E i n s t e i n ,  w h o s e  r e l a t i v i s t i c  p h y s i c s  c o n s i d e r e d  s p a c e  a n d  t i m e  t o  b e  
b u t  a l t e r n a t e  a t t r i b u t e s  o f  m u l t i d i m e n s i o n a l  c o n t in u u m  a n d  n e i t h e r  c o u l d  
b e  c o n s i d e r e d  i n d e p e n d e n t  o f  t h e  o t h e r .  E i n s t e i n  r e d u c e d  t h e  c o n c e p t  
o f  t i m e  t o  t h a t  o f  c a u s a l i t y  a n d  g e n e r a l i s e d  t i m e  o r d e r  t o w a r d  a  
r e l a t i v i t y  o f  s i m u l t a n i e t y , w h ic h  t o  a  l a r g e  e x t e n t  i m p l i e s  t h a t  o f  
s u c c e s s i o n .  He p o s t u l a t e d  t h a t  t h e  r e s u l t s  d e p e n d  u p o n  t h e  r e l a t i o n  o f  
t h e  fr a m e  o f  r e f e r e n c e  t o  t h e  o b j e c t s  m e a s u r e d .  E i n s t e i n ' s  t h e o r y  o f  
t i m e  c a n  b e  r e g a r d e d  a s  L i e b n i z ' s  t h e o r y  o f  r e l a t i o n a l  t i m e  w h ic h  
c o n s i d e r s  t i m e  n o t  a s  s o m e t h i n g  i n  i t s e l f  b u t  r a t h e r  a s  t h e  o r d e r  i n  
w h ic h  t h i n g s  h a p p e n  -  s p a c e  a n d  t i m e  a s  s u c h  a r e  n o t  p e r c e i v e d ,  w h a t  i s  
p e r c e i v e d  i s  t h e  o r d e r  o f  c h a n g i n g  t h i n g s  a n d  i t  i s  t h i s  o r d e r i n g  i n  
t e r m s  o f  s p a c e  a n d  t i m e .
T h e r e  a r e  c e r t a i n  p a r a d o x e s  i n  r e l a t i v i t y  t h e o r y  o f  t i m e ;  d e s p i t e  t h a t  
t h e  t h e o r y  i s  c o n s i d e r e d  t o  b e  s e l f  c o n s i s t e n t .  F rom  t h e  p o i n t  o f  v i e w  
o f  t h e  B i o l o g i c a l  C l o c k ,  h o w e v e r ,  n e i t h e r  t h e  a b s o l u t e  t i m e  o f  N e w to n  n o r  i t s  
r e l a t i v i s t i c  m o d i f i c a t i o n  a r e  a p p r o p r i a t e ,  b e c a u s e  i f  t h e  t h e o r y  o f  
a b s o l u t e  t i m e  i s  a c c e p t e d  t h e n  t i m e  w o u ld  b e  s o m e t h i n g  w h ic h  w o u ld  e x i s t  ' 
i n d e p e n d e n t  o f  p r e s e n c e  o r  a b s e n c e  o f  a  c l o c k  o r  r e g u l a t o r  o f  a n y  s o r t .
T h e  t h e o r y  w h ic h  s e e m s  t o  b e  m o r e  c o m p a t i b l e  w i t h  t h e  n o t i o n  o f  a
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B i o l o g i c a l  C lo c k  i s  L i e b n i z ' s  t h e o r y  o f  r e l a t i o n a l  t i m e .
1 . 2 . 3  ANTHROPOLOGICAL NOTIONS OF TIME AND RHYTHM
T im e  a s  a  d i m e n s i o n  o f  e x p e r i e n c e  a n d  r e a l i t y  d o e s  n o t  c o r r e s p o n d  t o  a  
s i n g l e  p h y s i c a l  r e a l i t y ;  t h i s  v i e w  w a s  h e l d  b y  t h e  s o c i a l  s c i e n t i s t s  
a n d  c u l t u r a l  a n t h r o p o l o g i s t s  o f  t h e  l '9 t h  c e n t u r y  w ho w e r e  n o t  i n t e r e s t e d  
p r i m a r i l y  i n  t i m e  a s  a  p h e n o m e n o n  b u t  i n  t h e  s o c i a l  p e r c e p t i o n  o f  t i m e .  
A n t h r o p o l o g i s t s  i n t e r e s t e d  i n  c u l t u r a l  s t u d i e s  h a v e  s t r i v e n  t o  p r o v e  
t h e  m u l t i p l i c i t y  o f  s o c i a l  t i m e ,  t h a t  i s ,  t h e  v a r i a t i o n  o f  t e m p o r a l  
h o r i z o n  fr o m  s o c i e t y  t o  s o c i e t y .
A l l  s o c i e t i e s  h a v e  so m e  n o t i o n  o f  t i m e  p e r c e p t i o n ,  b u t  i t  i s  s t a m p e d  w i t h  
t h e i r  e c o n o m i c  a n d  e c o l o g i c a l  b a c k g r o u n d ,  w h ic h  d i s t i n g u i s h e s  t i m e  fr o m  
b e i n g  e i t h e r  a s  a  p r im e  c a t e g o r y  o r  a n ' ¿ i n t e g r a l  p a r t  o f  s o c i a l  a c t i v i t i e s .  
T h e H o p i c u l t u r e , f o r  i n s t a n c e , i s  c o n s c i o u s  o f  t i m e  a s  a  d y n a m ic  p r o c e s s  
w h ic h  d o e s  n o t  d i s t i n g u i s h  b e t w e e n  p a s t ,  p r e s e n t  a n d  f u t u r e  a s  s u c h , '  t h e  
H o p i l a n g u a g e  i t s e l f  g e t s  a l o n g  v e r y  w e l l  w i t h o u t  t e n s e s  i n  i t s  v e r b s  
(W h o r f 1 9 5 0 ) .
F o r  t h e  N u e r s  o f  t h e  S o u t h e r n  S u d a n  t o o ,  ( P r i t c h a r d  1 9 4 0 ) ,  t i m e  i s  n o t  
a  s e p a r a t e  i d e a  b u t  a n  i n t e g r a l  p a r t  o f  s o c i a l  a c t i v i t i e s . I n  t h e  T i v  
c u l t u r e  t i m e  i s  a n  i m p l i c i t  c o n c e p t  i n  t h o u g h t  a n d  s p e e c h  b u t  i t  i s  n o t  
a  c a t e g o r y  o f  i t  (B u h n n a n  1 9 5 3 ) .
T he r h y th m s  o f  l i f e  o f  t h e  S p a n i s h  A m e r ic a n  a r e  s e a s o n a l  r a t h e r  t h a n  
d a i l y ,  i n  c o n t r a s t  w i t h  t h e  A n g lo  A m e r ic a n  f o r  whom e v e n  t h e  h o u r s  a r e  
m a r k e d . R e in d r o p  ( 1 9 5 4 )  p o i n t s  o u t  t h a t  i t  i s  b e c a u s e  o f  t h e  a g r i c u l t u r a l  
l i f e  o f  t h e  v i l l a g e  t o  w h ic h  t h e  S p a n i s h  A m e r ic a n s  a r e  u s e d ,
T h u s  fr o m  t h e  s o c i a l  s c i e n t i f i c  p o i n t  o f  v i e w ,  t e m p o r a l  d i m e n s i o n  i s  n o t  
a  c a t e g o r y  w h ic h  i s  g i v e n  a  p r i o r i  b u t  i s  a  s o c i a l  c o n s t r u c t ,  i t  d e v e l o p s  
f r o m  t h e  e x i s t i n g  s o c i a l  f r a m e w o r k  a n d  t h e  e c o l o g i c a l  d e m a n d s  p r e v a i l i n g  r<vt. 
i n  t h e  p a r t i c u l a r  s o c i e t y ,  r e s u l t i n g  i n  v a r i a b l e  t e m p o r a l  c o n s t r u c t s .
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I
I n c o r p o r a t i o n  o f  t h e  d o m a in  o f  p h y s i c a l  t h e o r i e s  i n t o  p s y c h o l o g i c a l  
i n q u i r y  p a v e d  t h e  w a y  f o r  t i m e  s t r u c t u r e  s t u d i e s  i n  p s y c h o l o g i c a l  
r e s e a r c h .  F rom  a b o u t  t h e  m i d d le  n i n e t e e n t h  c e n t u r y ,  p s y c h o l o g i s t s  b e g a n  
t o  c o n d u c t  e x p e r i m e n t s  o n  t h e  r e l a t i o n s h i p  o f  t i m e  a s  p e r c e i v e d  a n d  t i m e  
a s  m e a s u r e d  i n  p h y s i c s .  Som e e l u c i d a t i o n  o f  t h e  p s y c h o l o g i c a l  a n d  
p h y s i o l o g i c a l  b a s i s  o f  t h e  i n d i v i d u a l ' s  a w a r e n e s s  o f  t i m e  w a s  g i v e n  b y  
M ach ( 1 8 6 5 )  w ho d e s c r i b e d  a  s p e c i f i c  s e n s a t i o n  o f  t i m e  a s s o c i a t e d  w i t h  
w h a t  h e  t e r m e d  t h e  " w o rk  o f  a t t e n t i o n " .
P s y c h o l o g y  o f  t i m e  w a s  f i r s t  d e s c r i b e d  i n  a  b e h a v i o u r i s t i c  fr a m e w o r k  b y  
H e n r i  P i e r o n  ( 1 9 2 3 ) .  P i e r o n ' s  i d e a  o f  t h e  r e l a t i o n s h i p  o f  o r g a n i c  
p r o c e s s e s  l a t e r  l e d  t o  H o a g l a n d ' s  t h e o r y  o f  " C h e m ic a l  P a c e m a k e r "  -  t h e  
m o d i f i c a t i o n  o f  t h e  s p e e d  o f  o r g a n i c  p i o c e s s  r e s u l t s  i n  p r o p o r t i o n a t e  
i n c r e a s e  o r  d e c r e a s e  i n  t h e  m e n t a l  t i m e .
T h u s  t h e  n o t i o n  o f  a  P s y c h o l o g i c a l  C lo c k  w a s  a d v a n c e d  f o r  t h e  f i r s t  t i m e .  
S i n c e  P i e r o n ,  t h e r e  a p p e a r s  t o  b e  t h e  e m e r g e n c e  o f  t h e  n o t i o n  o f  t i m e ,  
w h ic h  i s  n o t  a  p u r e l y  a u t o m a t i c  p r o c e s s ,  a s  K a n t  s u g g e s t e d ,  b u t  i s  a  
c o m p le x  l e a r n e d  a c t i v i t y ,  w h ic h  i s  e s s e n t i a l l y  l i n k e d  u p  w i t h  r h y t h m ,  
r e c u r r e n c e  a n d  c h a n g e .
I
Y a t e s  (1 9 3 8 )  a t t r i b u t e d  t h e  d e v e l o p m e n t  o f  t h e  a p p r e c i a t i o n  o f  t h e  s e n s e  
o f  t i m e  t o  t h e  p a t t e r n  o f  b o d y  r h y th m s  t h a t  b e c o m e  m a n i f e s t  a t  t h e  o r a l  
p e r i o d .  A s i m i l a r  v i e w  w a s  a d v a n c e d  b y  P i a g e t  ( 1 9 5 5 )  , w ho r e g a r d e d  t h e  
d e v e l o p m e n t  o f  t i m e  s e n s e  t o  b e  b a s e d  o n  t h e  p e r i o d i c  f r u s t r a t i o n  a n d  
s a t i s f a c t i o n  o f  b o d i l y  n e e d s  -  t h e  w a i t i n g  p e r i o d  b e t w e e n  f e e d i n g  t i m e s .
L e c a n t e  ( 1 9 3 7 ,  1 9 3 9 ,  1 9 4 4 )  s u g g e s t e d  q u a n t i t a t i v e  b i o l o g i c a l  m e t h o d s  o f  
m e a s u r in g  t h e  i n d i v i d u a l  t i m e  s e n s e .
1 . 2 . 4  PSYCHOLOGICAL CLOCK
A lt h o u g h  a  c l u e  t o  t h e  o r g a n i c  r h y th m  u n d e r l y i n g  p s y c h o l o g i c a l  t i m e  s e n s e
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w a s  p r o v i d e d  b y  t h e  a b o v e  m e n t i o n e d  i n v e s t i g a t o r s ,  t h e  c o n c e p t  t h a t  t h e  
b e h a v i n g  o r g a n i s m  i s  t h e r e f o r e  a  p r e d i c t a b l y  c h a n g i n g  e n t i t y  d i d  n o t  
e m e r g e  i n  p s y c h o l o g i c a l  t h o u g h t .  P s y c h o l o g i c a l  t e s t i n g  a n d  e x p e r i m e n t a t i o n  
c o n t i n u e s  r e g a r d i n g  t h e  b e h a v i n g  o r g a n i s m  a s  s t a t i c ;  t h e  n o t i o n  t h a t  b e h a v i o u r  
i s  r h y t h m i c  w a s  t a k e n  u p  b y  t h e  b i o l o g i c a l  s c i e n t i s t .
1 . 2 . 5  TEMPORAL RELATIONSHIP IN  BIOLOGICAL SCIENCES
T h e  p r e c e d e n t  f o r  s t u d y i n g  p e r i o d i c  o c c u r r e n c e  w a s  s e t  i n  t h e  f i e l d  o f  
b o t a n y .  M o s t  o f  t h e  i m p o r t a n t  e a r l y  s c i e n t i f i c  i n v e s t i g a t i o n s  w i t h  
r h y t h m ic  b e h a v i o u r  w e r e  p e r f o r m e d  w i t h  p l a n t s .  A s h a s  b e e n  m e n t io n e d  
e a r l i e r  t h e  a s t r o n o m e r  D e M a ir a n  ( 1 7 2 9 )  w a s  t h e  f i r s t  t o  d e s c r i b e  
e x p e r i m e n t s  s h o w in g  d i u r n a l  m o v e m e n t  i n  a  l e a f .  D e c a n d o l l e  ( 1 8 3 2 )  g a v e  
t h e  e a r l y  p r o o f  t h a t  l e a f  m o v e m e n ts  w e r e  c a u s e d  b y  a n  i n h e r e n t  d i u r n a l  
r h y t h m .  De M a ir a n 1s  r e s u l t s  w e r e  l a t e r  c o n f i r m e d  b y  P f e f f e r  ( 1 8 7 5 )  a n d  
D a r w in  ( 1 8 8 0 ) ,  a l t h o u g h  P f e f f e r  r e g a r d e d  p e r i o d i c  l e a f  m o v e m e n t  n o t  a s  a n  
i n h e r e n t  d i u r n a l  p e r i o d i c i t y  b u t  r a t h e r  a s  a f t e r  e f f e c t s  o f  t h e  p r e v i o u s  
l i g h t - d a r k  a l t e r a t i o n .  S em o n  ( 1 9 0 5 )  s t u d i e d  d i u r n a l l y  p e r i o d i c  m o v e m e n t  
i n  l e a v e s  a n d  c o n f i r m e d  t h e  o c c u r r e n c e  o f  an  e n d o g e n o u s  r h y t h m . O ne o f  
t h e  e a r l i e s t  r e c o r d s  o f  p e r s i s t e n t  d i u r n a l  r h y th m s  i n  a n i m a l s  w a s  t h a t  o f  
t h e  r e g u l a r  r e t i n a l  p i g m e n t  m i g r a t i o n  i n  t h e  e y e s  o f  t h e  S i l v e r  1Y' M o th ,  
( K i e s e l  1 8 9 4 ) .  T h e s e  e a r l y  s t u d i e s  c o u l d  b e  c o n s i d e r e d  t h e  f i r s t  p h a s e  
o f  r h y th m  r e s e a r c h ,  w h e r e  t h e  o c c u r r e n c e  o f  r h y th m s  w a s  m e r e l y  p o i n t e d  
o u t ;  h o w e v e r ,  n o  r i g o r o u s  a t t e m p t  w a s  m ad e t o  e x p l a i n  t h e  r h y t h m ic  
p h e n o m e n o n  o r  u t i l i s e  k n o w le d g e  o f  r h y t h m ic  b e h a v i o u r  f o r  p r e d i c t i o n  a n d  
c o n t r o l .
T h e  s e c o n d  p h a s e  o f  r h y th m  r e s e a r c h  c o u l d  b e  r e g a r d e d  t o  b e g i n  w i t h  
K l i e n h o o n t e  ( 1 9 2 9 ) ,  w h o  w a s  t h e  f i r s t  t o  a n a l y s e  r h y t h m s  w i t h  a n y  
p r e c i s i o n ,  a l t h o u g h  t h e  a p p l i c a t i o n  o f  t h i s  r e s e a r c h  w a s  l i m i t e d  s i n c e  
t h e  a n a l y s i s  w a s  r e s t r i c t e d  t o  t h e  d i s c i p l i n e  o f  b o t a n y .  T h r o u g h  
c a r e f u l l y  c o n t r o l l e d  e x p e r i m e n t s  K l i e n h o o n t e  d e m o n s t r a t e d  t h a t  p e r i o d i c  
l e a f  m o v e m e n t  w a s  c a u s e d  b y  a u t o n o m i c ,  t h a t  i s ,  s e l f  g o v e r n i n g  f a c t o r s .
H e r  e x p e r i m e n t s  m ade f a r  f e t c h i n g  c o n t r i b u t i o n s  t o  t h e  u n d e r s t a n d i n g  o f  
e n d o g e n o u s  r h y t h m s .  D u r in g  t h i s  t i m e  ( 1 9 3 1 ) ,  B u n n in g  p r o p o s e d  t h a t
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e n d o g e n o u s  r h y th m s  p a r t i c i p a t e d  i n  t h e  p h o t o p e r i o d i c  r e a c t i o n ,  a n d  
p o s t u l a t e d  t h a t  p h o t o p e r i o d i c  r e s p o n s e s  o f  p l a n t s  i n v o l v e d  t h e  sa m e  
e n d o g e n o u s  m o v e m e n t t h a t  c a u s e d  t h e  l e a f  m o v e m e n ts .
T h e p h e n o m e n o n  f i r s t  o b s e r v e d  b y  De M a ir a n  i n  p l a n t s  w a s  l a t e r  o b s e r v e d  
i n  a  r e m a r k a b ly  b r o a d  a r r a y  o f  o r g a n i s m s  fr o m  i n s e c t s ,  a n i m a l s  t o  hum an  
b e i n g s  t h e m s e l v e s .
T h e  t h i r d  p h a s e  i n  r h y th m  r e s e a r c h  c o u l d  b e  s a i d  t o  b e g i n  w i t h  t h e  f i r s t  
d e m o n s t r a t i o n  o f  c i r c a d i a n  o r g a n i s a t i o n  i n  l e a r n i n g  a n d  m e m o r y , w h ic h  
w a s  p r o v i d e d  b y  t h e  u n e r r i n g  t i m e  s e n s e  o f  t h e  D r o s o p h i l a  ( f r u i t  f l y ) . 
B e l l i n g  (1 9 2 9 )  w a s  t h e  f i r s t  t o  e s t a b l i s h  t h a t  b e e s  h a v e  a n  a c c u r a t e  
t i m e  s e n s e  a n d  t h a t  t h e y  w i l l  t e n d  t o  g o  t o  a  p a r t i c u l a r  f e e d i n g - p l a c e  
f o r  f o o d  a t  t h e  p r e c i s e  t i m e  o f  d a y  a t ;* w h ic h  t h e y  h a v e  b e e n  f e d  
p r e v i o u s l y .  A s i m i l a r  c o n c l u s i o n  w a s  r e a c h e d  b y  N a h l  ( 1 9 3 2 )  a n d  S t e i n  
a n d  B e l i n g  ( 1 9 3 5 ) .  K a lm u s  ( 1 9 3 4 ) ,  fr o m  h i s  e x p e r i m e n t s  o n  b o t h  a n t s  a n d  
b e e s , c o n c l u d e d  t h a t  t i m e  p e r c e p t i o n  i n  i n s e c t s  i s  b a s e d  o n  e x t r e m e l y  
r e g u l a r  m e t a b o l i c  c h a n g e s  i n  t h e  b o d y  w h ic h  a r e  u n a f f e c t e d  b y  a n a e s t h e s i a  
b u t  w h ic h  a r e  a f f e c t e d  b y  s e v e r e  c h i l l i n g  a n d  a l s o  b y  n a r c o s i s  p r o d u c e d  
b y  c a r b o n  d i o x i d e . T h e s e  r e s e a r c h e s  o p e n e d  a v e n u e s  f o r  r h y th m  r e s e a r c h  
i n  a n im a l  a n d  hum an p h y s i o l o g y  a n d  b e h a v i o u r ,  w h ic h  h e l p e d  t o  p r o v i d e  
a  g e n e r a l  p e r s p e c t i v e  o n  t h e  b i o l o g y  o f  c l o c k  m e c h a n is m .
S t u d y  o f  hum an  r h y t h m i c i t y ,  t o o ,  s e e m s  t o  h a v e  f o l l o w e d  t h e  sa m e  p a t t e r n  
a s  t h e  s t u d i e s  d o n e  i n  p l a n t s  a n d  i n s e c t s ,  t h a t  i s , b e g i n n i n g  w i t h  m e r e  
o b s e r v a t i o n s  o r  r e c o r d s  o f  p e r i o d i c i t y  t o  r i g o r o u s  a t t e m p t s  f o r  t h e i r  
e x p l a n a t i o n .  P i e r o n  ( 1 9 1 3 )  k e p t  r e c o r d s  o f  u r i n e  p r o d u c t i o n  a n d  n o t e d  
o c c u r r e n c e  o f  d a i l y  r h y t h m s .  B o r n s t i e n  ( 1 9 2 6 ,  a s  r e p o r t e d  b y  M i l l s  1 9 6 6 )  
d e m o n s t r a t e d  t h a t  t h e  h e a t  p r o d u c t i o n  o f  t h e  b o d y  e x h i b i t e d  a  c i r c a d i a n  
p a t t e r n .  P i l e z  ( 1 9 0 1 )  d e m o n s t r a t e d  t h a t  t h e  b o d y  w e i g h t  o f  a  m a n i c - d e p r e s s i v e  
p a t i e n t  s h o w e d  a  m o n t h ly  p e r i o d .  F rom  t h i s  s t a n d  p o i n t ,  t h e  p i o n e e r s  i n  
hum an r h y t h m i c i t y  m ay b e  r e g a r d e d  t o  b e  H o a g la n d  a n d  K l& itm a n . H o a g la n d  
( 1 9 3 5 )  b e l i e v e d  t h a t  t h e  s t u d y  o f  r h y t h m ic  p r o c e s s e s  o f f e r e d  a  b a s i c  k e y  
t o  u n d e r s t a n d i n g  hu m an  b e h a v i o u r .  H o a g la n d  l a t e r  s u g g e s t e d  t h e  c h e m i c a l  
p a c e m a k e r  t h e o r y  a s  t h e  i n t e r n a l  t i m i n g  m e c h a n is m . K M k tm a n  ( 1 9 3 9 )  w a s
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t h e  p i o n e e r  i n  s t u d y i n g  c i r c a d i a n  r h y t h m ic  p r o c e s s e s  i n  m en i n  c a v e s  
e x c l u d e  t h e  s o c i a l  a n d  e n v i r o n m e n t a l  s y n c h r o n i s e r s  w h ic h  m i g h t  a c t  a s  
a  z e i t g e b e r .
T h e  e a r l i e r  a n d  m i d d l e  t w e n t i e t h  c e n t u r y  w i t n e s s e d  a  g r e a t  a c c u m u l a t i o n  
o f  p e r i o d i c  d a t a  i n  p s y c h i a t r y  a n d  m e d i c i n e .  G a r r o d  ( 1 9 1 0 ,  a s  r e p o r t e d  
b y  R i c h t e r  1 9 6 0 )  s h o w e d  9 5  d a y  r e c o r d s  o f  i n t e r m i t t e n t  h y d r a t h r o s i s  
L e o n a r d  ( 1 9 3 1 )  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  2 4 - h o u r  c y c l e s  i n  a  
P a r k i n s o n i a n  p a t i e n t .  R i c h t e r  ( 1 9 3 4 )  d e m o n s t r a t e d  c y c l i c  m a n i f e s t a t i o n  
o f  t h e  s l e e p  c u r v e  i n  a  p s y c h o t i c  p a t i e n t .  R i c e  ( 1 9 7 7 )  d e m o n s t r a t e d  
r e g u l a r  4 0  t o  5 0  d a y  c y c l e s  i n  p s y c h o t i c  p a t i e n t s .  G j e s s i n g  (1 9 3 6 )  
p u b l i s h e d  a  v a s t  a m o u n t o f  d a t a  o n  s c h i z o p h r e n i c s ,  p a r t i c u l a r l y  p e r i o d i c  
c a t a t o n i a .
I n  m e d i c i n e  H a m i l t o n  ( 1 9 5 0 )  s h o w e d  a  c i r c a d i a n  r h y th m  i n  p la s m a  i r o n  
l e v e l  o f  m e n . S t a n b u r y  ( 1 9 5 1 )  d e m o n s t r a t e d  a  2 4 - h o u r  c y c l e  i n  u r i n a r y  
e x c r e t i o n  o f  e l e c t r o l y t e s .  H a l b e r g  ( 1 9 5 1 )  , t h r o u g h  h i s  s t u d y  o n  b l o o d  
e o s i n o p h i l  c o u n t ,  d e m o n s t r a t e d  t h a t  hum an b l o o d  i s  n o t  t h e  sa m e  a t  a l l  
h o u r s .
T h o u g h  t h e  o c c u r r e n c e  o f  r h y th m s  b y  t h e  m i d - t w e n t i e t h  c e n t u r y  h a d  b e e n  
d e m o n s t r a t e d  a t  a l l  l e v e l s  o f  o r g a n i s a t i o n  fr o m  u n i c e l l u l a r  t o  t h e  
o r g a n i s m  a s  a  w h o l e ,  fr o m  r h y th m s  o f  s e c o n d  t o  s e a s o n a l  r h y t h m s ,  t h e  
c o n c e p t  o f  a  B i o l o g i c a l  C lo c k  d i d  n o t  e m e r g e  u n t i l  K ra m er  ( 1 9 5 2 ) .  T h i s  
f o l l o w e d  h i s  d e m o n s t r a t i o n  t h a t  b i r d s  a c h i e v e  t h e i r  i n c r e d i b l y  a c c u r a t e  
d i r e c t i o n a l  f l i g h t  t h r o u g h  t h e i r  a b i l i t y  t o  n a v i g a t e  b y  t h e  s u n .
M o r e o v e r ,  t h e y  w e r e  sh o w n  t o  c o m p e n s a t e  r e a d i l y  f o r  t h e  s u n ’ s  m o v e m e n t  
a c r o s s  t h e  s k y ,  e s t a b l i s h i n g  t h a t  r h y th m s  w e r e  n o t  im p o s e d  o n  t h e  
o r g a n i s m  b y  p h y s i c a l  e n v i r o n m e n t  b u t  t h a t  o r g a n i s m s  h a v e  a n  i n t e r n a l  
t i m i n g  m e c h a n is m . T h i s  c o n c l u s i o n  r e c e i v e d  c o n f i r m a t i o n  fr o m  t h e  w o r k  
o f  M i l l s  e t  a l  ( 1 9 5 2 ,  1 9 5 4 )  a n d  L e w is  e t  a l  ( 1 9 5 6 )  w ho d e m o n s t r a t e d  t h a t  
c h a r a c t e r i s t i c  d i u r n a l  p e r i o d i c i t i e s  o f  hum an b e h a v i o u r  a n d  p h y s i o l o g i c a l  
a c t i v i t y  a r e  s e l f  s u s t a i n i n g  a n d  i n d e p e n d e n t  o f  t h e  im m e d ia t e  e n v ir o n m e n t ' . '
A m a j o r  th e m e  r u n n i n g  t h r o u g h  t h e  l i t e r a t u r e  a t  t h e  t u r n  o f  t h e  c e n t u r y
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a n d  c o n t i n u i n g  u n t i l  t h e  m i d d l e  t w e n t i e t h  c e n t u r y  w a s  t h e  p o s s i b i l i t y  
o f  e x o g e n o u s  c o n t r o l  o f  r h y t h m ic  p h e n o m e n o n . T h e  l e a d i n g  p r o p o n e n t  o f  
t h i s  t h e o r y  w a s  B row n  ( 1 9 4 8 - 1 9 5 7 ) ,  w h o  m a i n t a i n e d  t h a t  p e r i o d i c  
b e h a v i o u r  i s  r e g u l a t e d  b y  s u b t l e  g e o p h y s i c a l  s i g n a l s  " t h e  c l o c k  s y s t e m  
m a i n t a i n s  i t s  r e g u l a r  f r e q u e n c i e s  t h r o u g h  so m e k i n d  o f  an  e x t e r n a l  
p a c e m a k in g  s i g n a l s  w h ic h  c o n t i n u e s  t o ,  b e  e f f e c t i v e  u n d e r  w h a t  i s  u s u a l l y  
d e e m e d  c o n s t a n t  c o n d i t i o n s " .  T h i s  v i e w  w a s  s u p p o r t e d  b y  T h o r p e  ( 1 9 5 6 ) ,  
w h e n  h e  p o i n t e d  o u t  t h a t  B i o l o g i c a l  R h y th m s m ay h a v e  t h e  sa m e  b a s i s  a s  
i m p r i n t i n g  i n  w h ic h  a n  a n im a l  p i c k s  u p  an  i d e a  o n  t h e  i n s t a n t ,  o n c e  s o  
s t a r t e d  t h e  a n i m a l s  r h y t h m ic  p r o c e s s  w o u ld  c o n t i n u e  f o r  l i f e .  T h o r p e ,  
h o w e v e r ,  d i d  n o t  d e n y  t h e  e x i s t e n c e  o f  e n d o g e n o u s  c l o c k  m e c h a n is m , h e  
s i m p l y  s t a t e d  t h a t  t h e  r h y th m  o f  t h e  c l o c k  d o e s  n o t  a r i s e  i n  c o m p l e t e  
in d e p e n d e n c e  o f  e x t e r n a l  p e r i o d i c i t y ,  t h o u g h  h e  d i d  e m p h a s i s e  t h a t  s u c h  
c l o c k s  c a n  b e  a n d  o f t e n  a r e  s e t  w i t h  g r e a t  c o n s i s t e n c y  b y  t h e  f i r s t  
e x p e r i e n c e  o f  a  p a r t i c u l a r  s t i m u l u s  a l t e r a t i o n .
M o s t  s c i e n t i s t s ,  h o w e v e r ,  f e l t  t h a t  B i o l o g i c a l  R h y th m s  w e r e  i n h e r i t e d .  
A s c h o f f  ( 1 9 5 4 )  f a v o u r e d  a n  i n t e r n a l  t i m i n g  m e c h a n is m . B r u c e  a n d  
P i t t e n d r i g h  ( 1 9 5 9 )  g a v e  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a  f u n d a m e n t a l  
e n d o g e n o u s  r h y th m  .w h ic h  i s  t e m p e r a t u r e  c o m p e n s a t e d ,  i n n a t e  a n d  s e l f  
s u s t a i n i n g  w i t h  a  b a s i c a l l y  c e l l u l a r  s y s t e m .  S i m i l a r  c o n c l u s i o n  w a s  
e x p r e s s e d  b y  H a r k e r  ( 1 9 5 8 )  ,  A s c h o f f  ( 1 9 5 8 )  a n d  P i t t e n d r i g h  a n d  B r u c e  
( 1 9 5 7 ) .  H a l b e r g  ( 1 9 5 8 )  s u p p o r t i n g  a n  e n d o g e n o u s  c l o c k  m e c h a n is m , s t a t e d  
t h a t  "A c l o c k  c o u l d  b e  a  f u n c t i o n  t h a t  d e p e n d s  o n  s e v e r a l  p h y s i o l o g i c a l  
p r o c e s s e s  g o i n g  o n  i n  t h e  a n i m a l s  b o d y ,  p e r h a p s  t i m e  m e a s u r e m e n t  d e p e n d s  
u p o n  t h e  i n t e r a c t i o n  o f  s e v e r a l  i n t e r n a l  r h y th m s  o r  o s c i l l a t o r s " . A 
s i m i l a r  a p p r o a c h  w a s  t a k e n  u p  b y  H am n er ( 1 9 6 2 )  b a s e d  o n  h i s  e x p e r i m e n t s  
o n  t h e  l i v i n g  c l o c k  a t  t h e  S o u t h  P o l e .
T h e  e a r l y  e v i d e n c e  f o r  t h e  l o c a t i o n  o f  t h e  c l o c k  m e c h a n is m  w a s  p r o v i d e d  
b y  H a r k e r  ( 1 9 6 7 ) .  H a r k e r  d i s c o v e r e d  t h e  s i t e  o f  t h e  i n t e r n a l  c l o c k  f o r  
o n e  k i n d  o f  i n s e c t :  e x a c t l y  f o u r  c e l l s  e m b e d d e d  i n  t h e  t i n y  b r a i n  o f  a  
c o c k r o a c h .  H a r k e r  i n c i d e n t a l l y  d i s c o v e r e d  t h a t  c h a n g i n g  t h e  s c h e d u l e  o f  
t h e  c l o c k  m e c h a n is m  i n  t h e  c o c k r o a c h  l e d  t o  t h e  d e v e l o p m e n t  o f  c a n c e r  a n d  
d e a t h  i n  t h e  i n s e c t .  T h i s  d i s c o v e r y  h a s  f a r  f e t c h i n g  i m p l i c a t i o n s  i n
-  15 -
m e d i c i n e  a n d  i n d u s t r y ,  t h i s  w i l l  b e  d e a l t  w i t h  i n  g r e a t e r  d e t a i l  w h i l e  
c o n s i d e r i n g  t h e  p r e s e n t  s t a t u s  o f  r h y th m  r e s e a r c h  i n  t h e  f o l l o w i n g  
s e c t i o n .
1 . 3  PRESENT STATUS OF RHYTHM RESEARCH
I n  t h e  y e a r  1 7 2 9  t h e  f i r s t  i n q u i r y  i n t o  r h y t h m ic  p h e n o m e n o n  w a s  
l a u n c h e d  i n  a  s p e c i f i c  f i e l d .  I n  1 9 7 8 ,  m o re  t h a n  2 0 0  y e a r s  l a t e r ,  i t  
i s  e m e r g i n g  a s  a n  a c c e p t e d  f a c t  t h a t  a l l  l i v i n g  o r g a n i s m s  i n c l u d i n g  m en  
e x h i b i t  r h y t h m ic  c o m p o n e n t s  i n  t h e i r  b e h a v i o u r a l  f u n c t i o n i n g  a n d  
o r g a n i s a t i o n .  B i o l o g i c a l  r h y th m s  a r e  now  sh o w n  t o  b e  e x p r e s s i o n s  o f  
c h a n g e s  w i t h i n  o r g a n i s m s  w h ic h  a r e  n o t  ra n d o m  o r  h a p h a z a r d  b u t  w h ic h  
f o l l o w  m e a n i n g f u l  r e c u r r i n g  p a t t e r n .
R h yth m  s t u d y  a t  p r e s e n t  e n c o m p a s s e s  a  b r o a d  r a n g e  o f  d i s c i p l i n e s ,  
i n c l u d i n g  p s y c h o l o g y ,  p s y c h i a t r y ,  m e d i c i n e ,  p h y s i o l o g y  a n d  i n d u s t r y .
A t  p r e s e n t  i n t r a  o r g a n i s m i c  v a r i a b i l i t y  i s  c o n s i d e r e d  t o  b e  a  r u l e  r a t h e r  
t h a n  a n  e x c e p t i o n ,  a n d  i s  s h o w n  t o  o c c u r  a t  l e v e l s  o f  o r g a n i s a t i o n  fr o m  
p l a n t s  t o  u n i c e l l u l a r  t o  m u l t i c e l l u l a r  o r g a n i s m s .
Now t h e  s c i e n c e  o f  B i o l o g i c a l  R h y th m  b o a s t s  a  s e t  o f  t e r m i n o l o g y  o f  i t s  
ow n ( s e e  s e c t i o n  2 . 1 )  , w h ic h  w a s  p r o p o s e d  b y  A s c h o f f  a n d  W e a v e r  ( 1 9 6 4 ) .  
S p e c i a l  m e t h o d s  o f  a n a l y s i s  ( c o s i n o r  t e c h n i q u e ,  H a l b e r g  1 9 6 9 ) ,  h a v e  b e e n  
d e v e l o p e d  a n d  o t h e r  t i m e  s e r i e s  a n a l y s e s  h a v e  b e e n  m o d i f i e d .  A v a s t  
l i t e r a t u r e  h a s  a c c u m u l a t e d  i n  m o s t  o f  t h e  b e h a v i o u r a l  p a r a m e t e r s  a m e n a b le  
t o  m e a s u r e m e n t .
R e c e n t  i n t e r e s t  i n  B i o l o g i c a l  R h y th m s m ay b e  d i v i d e d  i n t o  tw o  b r o a d  
c a t e g o r i e s .  T h o s e  s t u d i e s  c o n c e r n i n g  t h e m s e l v e s  w i t h  t h e  e x p l o r a t i o n  
o f  t h e  l o c a t i o n  o f  t h e  c l o c k  m e c h a n i s m s ,  a n d  a l t e r n a t i v e l y  t h o s e  d e a l i n g  
w i t h  t h e  p r a c t i c a l  a p p l i c a t i o n  o f  t h e  k n o w le d g e  o f  t e m p o r a l  o r g a n i s a t i o n ,  
t h a t  i s ,  t h e  a d a p t i v e  s i g n i f i c a n c e  o f  t h e  r h y t h m s .
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A s f a r  a s  t h e  l o c a t i o n  o f  t h e  c l o c k  m e c h a n is m  i s  c o n c e r n e d ,  t h e  e v i d e n c e  
i s  s t i l l  f a r  fr o m  c o n c l u s i v e ,  t h o u g h  i m p o r t a n t  f i n d i n g s  i n  t h i s  • 
c o n n e c t i o n  h a v e  b e e n  m ade b y  H a l b e r g , - B u n n in g ,  R i c h t e r ,  R ie m a n n ,  
P i t t e n d r i g h  a n d  S w e e n y .
A c c o r d i n g  t o  B u n n in g  ( 1 9 6 0 )  t h e  c l o c k - w o r k s  a c c o r d i n g  t o  a  m e c h a n is m  o f  
t e n s i o n  a n d  r e l a x a t i o n ,  t h a t  i s ,  b y  a  r e l a x a t i o n - o s c i l l a t o r , t h o u g h  h e  
h a s  n o t  p o i n t e d  o u t  t h e  l o c a t i o n  o f  t h i s  r e l a x a t i o n - o s c i l l a t o r .
P i t t e n d r i g h  a n d  N i s h i i t s u t s u y i  ( 1 9 6 8 )  p r o p o s e d  t h a t  t h e  d r i v i n g  
o s c i l l a t o r s  c o n t r o l l i n g  t h e  l o c o m o t o r  r h y th m  w e r e  l o c a t e d  i n  t h e  
o p t i c  l o b e s  i n  t h e  c o c k r o a c h .
¡i
R i c h t e r  ( 1 9 6 4 ,  1 9 6 5 ,  1 9 6 7 )  p o s t u l a t e d  t h a t  t h e  2 4 - h o u r  c l o c k  m u s t  
r e s i d e  w i t h i n  t h e  c e n t r a l  n e r v o u s  s y s t e m .  F rom  h i s  s t u d y  o n  c i r c a d i a n  
r h y th m s  i n  r a t s  R i c h t e r  c o n c l u d e d  t h a t  t h e  r a t  " c lo c k "  m u s t  b e  l o c a t e d  
i n  t h e  b r a i n  b e c a u s e  t h e  r e m o v a l  o f  a l m o s t  a l l  t h e  e n d o c r i n e  g l a n d  d i d  
n o t  a b o l i s h  c i r c a d i a n  r h y t h m i c i t y .
G e r r i t z e n  ( 1 9 6 9 )  d e m o n s t r a t e d  t h e  im p o r t a n c e  O f p i t u i t a r y  a d r e n a l  
c o r t i c a l -  s y s t e m  i n  t h e  m a i n t e n a n c e  o f  c i r c a d i a n  r h y t h m s .
R e im a n n  ( 1 9 6 3 ) ,  s e a r c h i n g  f o r  t h e  l o c a t i o n  o f  t h e  c l o c k  i n  p e r i o d i c  
i l l n e s s ,  h a s  s u g g e s t e d  t h a t  t h e s e  r e p r e s e n t  t h e  e f f e c t s  o f  s u d d e n  
e x c i t a t i o n  w i t h i n  p r i m i t i v e  b r a i n  r e g i o n s  s u c h  a s .  t h e  h y p o t h a l a m u s .
An e x t e n s i v e  s e a r c h  f o r  t h e  l o c a t i o n  o f  t h e  c l o c k  h a s  b e e n  p e r f o r m e d  b y  
H a l b e r g  ( 1 9 7 1 ,  1 9 7 3 ,  1 9 7 4 ) .  H a l b e r g ’ s  w o r k  i m p l i e s  t h a t  t h e  a d r e n a l  
c o r t i c a l  h o r m o n e s  m ay b e  i n v o l v e d  i n  t h e  c o n t r o l  o f  p e r i o d i c i t y  i n  m en . 
H a l b e r g  h a s  s u g g e s t e d  t h a t  t h e '  a d r e n a l  c y c l e  m ay a c t  a s  a n  i n t e r n a l  
p a c e m a k e r  o f  so m e b u t  n o t  a l l  a s p e c t s  o f  t h e  m a m m a lia n  c i r c a d i a n  s y s t e m .
1 . 3 . 1  RHYTHM CONTROL MECHANISMS
S w e e n y  ( 1 9 7 4 )  a n d  H a s t i n g s  ( 1 9 7 4 )  h a v e  a t t e m p t e d  t o  l o c a t e  a  c e n t r a l
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R e c e n t l y  t h e r e  h a s  b e e n  a  g r o w in g  i n t e r e s t  i n  t h e  r o l e  o f  t h e  p i n e a l  g l a n d  i n  
r h y th m  c o n t r o l  m e c h a n is m . T h e  f i n d i n g s  h a v e  g i v e n  r i s e  t o  c o n f u s i n g  a n d  
s o m e w h a t  c o n t r a d i c t o r y  c o n c l u s i o n s .
A x e l r o d  ( 1 9 7 4 )  d e m o n s t r a t e d  t h e  im p o r t a n c e  o f  t h e  p i n e a l  g l a n d  a s  a  n e u r o ­
c h e m i c a l  t r a n s m i t t e r ;  h e  s u g g e s t e d  t h a t  c h e m i c a l  s i g n a l s  fr o m  n e r v e s  
r e g u l a t e  t h e  s y n t h e s i s  o f  m e l a t o n i n  a n d  c o n v e y  i n f o r m a t i o n  a b o u t  i n t e r n a l  
c l o c k s .
B r o w n s t i e n  a n d  A x e l r o d  ( 1 9 7 7 )  d e m o n s t r a t e d  a  2 4 - h o u r  r h y th m  i n  t h e  
t u r n o v e r  o f  n o r e p i n e p h r i n e  i n  s y m p a t h e t i c  n e r v e s  i n n e r v a t i n g  t h e  P i n e a l  
G la n d ,  a n d  t h a t  t h e  r h y t h m ic  c h a n g e s  i n  p i n e a l  i n d o l e a m i n e s  p e r s i s t s  i n  
b l i n d e d  r a t s  b u t  c a n  b e  a b o l i s h e d  b y  i n t e r r u p t i n g  n e r v e  i m p u l s e s  fr o m  
t h e  b r a i n  t o  t h e  s u p e r i o r  c e r v i c a l  g a n g l i a ,  w h ic h  s u g g e s t s  t h e  p r e s e n c e  
o f  a  c l o c k  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  o f  t h e  r a t .
A n to n  a n d  C la p s  ( 1 9 7 6 )  s h o w e d  t h a t  t h e  p i n e a l  <g:land h a s  a  r h y t h m ic  
a c t i v i t y  r e l a t e d  t o  t h e  p h o t o p e r i o d ,  w h ic h  i n  t u r n  i n f l u e n c e s  t h e  f u n c t i o n  
o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  T h e  a u t h o r s  s u g g e s t e d  t h a t  d i s t a n t  o r g a n s
m ay f o l l o w  t h e  r h y t h m ic  l e a d  o f  t h e  i n e a l  l a n d .
B e n e r j i  a n d  Q u ay  (1 9 7 6 )  h a v e  g i v e n  so m e  e v i d e n c e  o f  j p i n e a l  c o n t r o l  o f  
t h e  c i r c a d i a n  r h y th m s  i n  r a t s .  P i n e a l e c t o m i z e d  r a t s  d i d  n o t  sh o w  t h e  
n o c t u r n a l  r i s e  i n  e n z y m e  a c t i v i t y .
J im m e r s o n  (1 9 7 7 )  m e a s u r e d  m e l a t o n i n  e x c r e t i o n  i n  h e a l t h y  a n d  d e p r e s s e d  
s u b j e c t s  a n d  f o u n d  t h e  d i u r n a l  r h y th m  t o  b e  u n c h a n g e d  i n  s l e e p
d e p r i v a t i o n .  He c o n c l u d e d  t h a t  t h e  d a t a  w a s  i n c o n s i s t e n t  w i t h  t h e  p r e v i o u s
r e s u l t s  o n  r a t s  w h ic h  s h o w e d  r a p i d  l i g h t  in d u c e d  s u p p r e s s i o n  o f  t h e  
n o c t u r n a l  r i s e  i n  p i n e a l  m e l a t o n i n  s y n t h e s i s .
Y u w i l l e r  a n d  K l i e n  e t  a l  ( 1 9 7 7 )  , fr o m  t h e i r  s t u d y  o f  t h e  a c t i v i t y  o f  
p i n e a l  N - a c e y l y t r a n s f e r a s e  i n  t h e  n e o n a t a l  r a t s ,  c o n c l u d e d  t h a t  t h e
r e g u l a t o r  a t  t h e  u n i c e l l u l a r  l e v e l .
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c i r c a d i a n  r e l e a s e  o f  n o r e p i n e p h r i n e  fr o m  P i n e a l  s y m p a t h e t i c  s t r u c t u r e  
s e e m s  t o  b e  c o n t r o l l e d  b y  n e u r a l  s i g n a l s  o r i g i n a t i n g  i n  a n  e n d o g e n o u s  
B i o l o g i c a l  C lo c k  l o c a t e d  i n  t h e  s u p r a c h i a s m a t i c  n u c l e u s  o f  h y p o t h a la m u s . .
B i n k l e y  e t  a l  ( 1 9 7 7 )  d e m o n s t r a t e d  t h a t  w h en  p i n e a l  g l a n d s  o f  c h i c k e n s  
k i l l e d  d u r i n g  t h e  d a r k - t i m e  ( w i t h  h i g h  N - a c e t y l t r a n s f e r a s e ■a c t i v i t y )  
w e r e  o r g a n  c u l t u r e d  t h e r e  w a s  a  d e c l i n e  i n  e n z y m e  a c t i v i t y  t o  l i g h t - t i m e  
• v a l u e s . R e g a r d l e s s  o f  t h e  t i m e  o f  t h é  d a r k  a t  w h ic h  t h e  c h i c k e n s  w e r e  
k i l l e d ,  t h e  e n z y m e  a c t i v i t y  r e a c h e d  l i g h t - t i m e  l e v e l s  a t  p r e c i s e l y  t h e  
sa m e  t i m e ,  w h ic h  i s  a  v e r y  n e a t  d e m o n s t r a t i o n  o f  t h e  P i n e a l  c o n t r o l  o f  
t h e  r h y th m .
G r e i n n e r  a n d  C h en  ( 1 9 7 8 )  s t u d i e d  t h e  m e l a t o n i n  c o n t e n t  o f  t h e  hum an  
p i n e a l  g l a n d  a n d  o b s e r v e d  a  d i u r n a l  v a r i a t i o n  w h ic h  i s  i n  a g r e e m e n t  w i t h  
2 4 - h o u r  r h y th m s  i n  t h e  m e l a t o n i n  c o n t e n t  o f  t h e  P i n e a l  i n  r a t s ,  q u a i l s  
a n d  c h i c k e n s .
I t  i s  a p p a r e n t  t h a t  n o n e  o f  t h e s e  c o n t r o l  m e c h a n is m  t h e o r i e s  a r e  
c o n c l u s i v e ;  c y c l i c  m u s c l e  c o n t r a c t i o n s  h a v e  b e e n  sh o w n  t o  o c c u r  i n  so m e  
o r g a n i s m s  w i t h o u t  o u t s i d e  n e r v o u s  c o n t r o l .  A p o s s i b l e  r h y th m  c o n t r o l  
m e c h a n is m  i s  c o n s i d e r e d  t o  b e  an  i n t e r a c t i o n  b e t w e e n  t h e  c e n t r a l  n e r v o u s  
s y s t e m  a n d  s k e l e t a l  m u s c l e  a p p a r a t u s ,  b u t  i t  i s  n o t  y e t  k n ow n  w h e t h e r  
f e e d  b a c k  l o o p  b e t w e e n  t h e  c e n t r a l  n e r v o u s  s y s t e m  a n d  p e r i p h e r y  a r e  e v e n  t h e  
s o l e  b a s i s  o f  r h y t h m ic  b e h a v i o u r .  T h e r e  i s  g r o w in g  e v i d e n c e  t h a t  t h e  
s u p r a c h i a s m a t i c  n u c l e i  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  m a i n t e n a n c e  o f  a  
d i v e r s e  n u m b er  o f  c i r c a d i a n  r h y th m s  i n  r o d e n t s ,  b u t  i t  i s  p o s s i b l e  t h a t  
t h e r e  i s  m o re  t h a n  o n e  c o n t r o l  m e c h a n is m  i n v o l v e d .
1 . 3 .2  FUNCTIONAL APPLICATION
T h e a l t e r n a t i v e  l i n e  o f  a p p r o a c h  i n  r h y th m  r e s e a r c h  i s  t h e  a p p l i c a t i o n  
o f  t h e  k n o w le d g e  o f  t i m e  s t r u c t u r e  i n  hum an e n d e a v o u r .  T h i s  d e c a d e  a n d  
a  h a l f  h a s  w i t n e s s e d  t h e  e m e r g e n c e  o f  t e m p o r a l  c o n s t r a i n t s  i n  v a r i o u s  
d i s c i p l i n e s .  I n  m e d i c i n e  a n d  p h y s i o l o g y  a  w h o le  n ew  s c i e n c e  o f  
c h r o n o t h e r a p y  h a s  e v o l v e d ,  t h e  g r o w in g  a w a r e n e s s  o f  t h e  h o u r s  o f
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1 . 3 . 2 . 1  HOURS OF CHANGING RESISTANCE
H a l b e r g  a n d  H a u s s  ( 1 9 5 9 )  w e r e  am on g  t h e  f i r s t  t o  s t u d y  a n d  d e m o n s t r a t e  
t h e  v a r i a t i o n  i n  r e s p o n s e  t o  p o t e n t i a l l y  n o x i o u s  a g e n t s  a t  d i f f e r e n t  
c i r c a d i a n  p h a s e s .
A n o t h e r  l e a d i n g  a u t h o r i t y  i n  t h i s  c o n n e c t i o n  i s  S c h e v i n g  ( 1 9 7 1 ) ,  w ho  
h a s  sh o w n  c i r c a d i a n  r h y th m s  i n  v i t a l  p h y s i o l o g i c a l  f u n c t i o n s  a n d  
r e s p o n s e  t o  d r u g s .
A s e r i e s  o f  s t u d i e s  i n  r e c e n t  y e a r s  h a s  d e m o n s t r a t e d  t h a t  b y  a p p l y i n g  
c h r o n o b i o l o g i c  m e t h o d s  a n d  c o n c e p t s  t o  L e u k a e m i a - b e a r i n g  m i c e ,  h o s t  
t o l e r a n c e  t o  a  c a r c i n o s t a t i c  d r u g  c o u l d  b e  im p r o v e d  (C a r d o c o  e t  a l  1 9 7 0 ;  
S c h i e v i n g  e t  a l  1 9 7 4 ) .
H a l b e r g  (1 9 7 3 )  d e m o n s t r a t e d  t h a t  s u r v i v a l  t i m e  o f  l e u k a e m i c  m ic e  c a n  b e  
p r o l o n g e d  b y  s i n u s o i d a l  s c h e d u l i n g  o f  t r e a t m e n t .  I n  t h e  f o l l o w i n g  y e a r  
H a l b e r g  p o i n t e d  o u t  t h e  c r u c i a l  i m p o r t a n c e  o f  c h r o n o b i o l o g i c  m e t h o d o lo g y  
i n  b i o  a s s a y  i n  t h e  s e n s i t i v i t y - r e s i s t a n c e  c y c l e  o f  m ic e  t o  E c o l i  
e n d o t o x i n .  I t  w a s  sh o w n  t h a t  t h e  i d e n t i c a l  d o s e  w i l l  k i l l  a b o u t  10% o f
t h e  a n i m a l s  a t  o n e  s t a g e  o f  c i r c a d i a n  r h y th m  a n d  a l m o s t  90% a t  a n o t h e r .
S i m i l a r  t i m e s  o f  r e s i s t a n c e  a n d  s u s c e p t i b i l i t y  a s  a b o v e  w e r e  d e m o n s t r a t e d  
f o r  b a r b i t u r a t e s  ( N e l s o n  1 9 7 3 ;  H a l b e r g  1 9 7 3 ) .
S m it h  ( 1 9 7 8 )  o b s e r v e d  an  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  p la s m a
g l u c o c o t i o r d  c o n c e n t r a t i o n  a n d  b l o o d  ly m p h o c y t e  c o u n t s  a n d  e x o g e n o u s  
c o r t i c o s t e r i o d s  f u n c t i o n  a n d  a c t i v i t y .  He c o n c l u d e d  t h a t  t h e  p r o g r e s s i v e  
i n c r e a s e  i n  r e s p o n s e  t o  p u r i f i e d  p r o t e i n  d e r i v a t i o n  o f  t u k a c u l i n  g i v e n  
a t  n i g h t  s u g g e s t s  t h a t  t h e  im m une r e a c t i o n  b e c o m e s  m o r e  v i g o r o u s  a s  t h e  
n i g h t  p r o c e e d s ,  w i t h  t h e  m axim um  t i s s u e  r e s p o n s e  a t  t h e  t i m e  o f  w a k in g .
c h a n g in g  r e s i s t a n c e  i n  t h e  o r g a n is m .
R e i n b e r g  e t  a l  ( 1 9 7 7 )  s h o w e d  a  d o s e  e f f e c t  d i f f e r e n c e  i n  t h e  v a g o l y t i c
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a g e n t  o n  l u n g  r e s i s t a n c e  a t  n i g h t  w h ic h  s e e m e d  t o  i n d i c a t e  a' r e l a t i v e  
n o c t u r n a l  p r o m in e n c e  o f  t h e  v a g a l  t o n e .
H o lm g r e n  e t  a l  ( 1 9 7 8 )  o b s e r v e d  a  s i g n i f i c a n t  d i u r n a l  v a r i a t i o n  i n  
o c c u r r e n c e  a n d  d u r a t i o n  o f  D - a m p h e t a m in e - i n d u c e d  h e a d - s h a k i n g  i n  9 d a y  
o l d  r a t s .  T h e  l o w e s t  v a l u e s  w e r e  o b t a i n e d  d u r i n g  n o o n ,  t h e  h i g h e s t  
a r o u n d  m i d n i g h t .
T h u s  i t  a p p e a r s  t h a t  t h e  k n o w le d g e  o f  t h e  r h y th m  p a r a m e t e r  i s  b e c o m in g  
a n  i m p o r t a n t  p r e r e q u i s i t e  i n  t h e  s c h e d u l i n g  o f  t r e a t m e n t  s i t u a t i o n s .
T h e c o n c e p t  o f  c h r o n o t h e r a p y  i s  b e i n g  r e c o g n i s e d  a n d  i n c o r p o r a t e d  w i t h  
i n c r e a s i n g  v i g o u r .  T h e  e m p h a s i s  i s  n o t  o n l y  o n  t h e  r i g h t  d o s e  b u t  a l s o  
a t  t h e  r i g h t  t i m e ,  a t  l e a s t  i n  c a n c e r  r e s e a r c h  i t  h a s  b e e n  c o n f i r m e d  b y  
v a r i o u s  a u t h o r s  t h a t  t h e  sa m e  d o s e  o f  c h e m o t h e r a p e u t i c  a g e n t  c a n  k i l l  o r  
c u r e  d e p e n d in g  o n  t h e  t i m i n g  o f  t h e  a d m i n i s t r a t i o n .  S c h e v i n g  a n d  P a u l y  (1 9 7 7 )  
j u s t  a s  t h e  r i g h t  t i m i n g  c a n  e n h a n c e  t o l e r a n c e  t o  c h e m o t h e r a p e u t i c  a g e n t s  
a n d  t h e  r a t e  o f  c u r e  i n  L e u k a e m ic  m i c e ,  s o  c a n  w r o n g ly  t i m e d  a r a - c  
s i n u s o i d  o r  w r o n g ly  t i m e d  c y c lo p h o s p h a m id e  e n h a n c e  t o x i t y  a n d  h o s t  d e a t h  
r a t e .
T h e  c o n c e p t  o f  t i m e d  t r e a t m e n t  i s  n o t  o n l y  c r u c i a l  f o r  c h e m o t h e r a p y  b u t  
f o r  o t h e r  p s y c h o l o g i c a l  a n d  p h y s i o l o g i c a l  d i s o r d e r s  a s  w e l l .  B a t e r  ( 1 9 7 4 )  
m a k e s  a  s t r o n g  p l e a  f o r  t h e  e x p l o r a t i o n  o f  t i m e d  t r e a t m e n t  o f  c a r d i o ­
v a s c u l a r  d i s e a s e s .  M oore  E d e  ( 1 9 7 3 )  r e v i e w e d  w h a t  h e  c o n s i d e r s  t o  b e  t h e  
p r o b le m s  a n d  a d v a n t a g e s  a s s o c i a t e d  w i t h  t i m e d  s t e r i o d  t h e r a p y .  I n  a  
r e c e n t  p a p e r  S a p o z i n n i k o v a  ( 1 9 7 7 )  c o n c l u d e d  t h a t  l a c k  o f  s i m i l i a r i t y  i n  
t h e  o r g a n i s m s  c i r c a d i a n  p h a s e  a t  t h e  t i m e  o f  o p e r a t i o n  p r o d u c e s  d i s t i n c t  
d i f f e r e n c e s  i n  t h e  c o u r s e  o f  t h e  p r o c e s s ,  w h ic h  a r e  s e e n  i n  t h e  
d e s y n c h r o n i c i t y  o f  t h e  t i m e  o f  t h e  d a y  w h en  t h e  r i s e  a n d  r e c e s s i o n  o f  
m i t o t i c  a c t i v i t y  o c c u r  a n d  i n  d i f f e r e n t  l e n g t h s  o f  t h e i r  w a v e s .
T h o u g h  t h e  c o n c e p t  o f  c h r o n o t h e r a p y  i s  s t i l l  n o t  w i d e s p r e a d  c o n s i d e r i n g  
i t s  i m p a c t ,  b u t  m any c l i n i c i a n s  a r e  now  a c c e p t i n g  t h e  i d e a  t h a t  a  f i r m  
u n d e r s t a n d i n g  o f  hu m an  t i m e  s t r u c t u r e  i s  i m p o r t a n t  b e c a u s e  d r u g s  h a v e  
t h e i r  m axim um  im p a c t  o n  t h e  n e r v o u s  s y s t e m  a t  d i f f e r e n t  h o u r s .
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I n  m e d i c i n e  a n d  p s y c h i a t r y  t h e r e  h a s  b e e n  a  p e r i o d  o f  r a p i d  d e v e lo p m e n t  
i n  r h y th m  r e s e a r c h /  c l o c k  l i k e  p r o p e r t i e s  h a v e  b e e n  d i s c o v e r e d  i n  v a r i o u s  
d i s o r d e r s  a n d  i l l n e s s e s , a n d  t h e r e  h a s  b e e n  a  g r o w in g  r e a l i s a t i o n  t h a t  an  
i n s i g h t  i n t o  p s y c h o s o m a t i c  a n d  e m o t i o n a l  i l l n e s s  c a n  b e  g a i n e d  b y  t h e  
a w a r e n e s s  o f  b i o l o g i c a l  r h y t h m s .
T h e r e  h a v e  b e e n  s e v e r a l  i n d i c a t i o n s  i n  t h e  r e c e n t  l i t e r a t u r e  o f  a  
r e l a t i o n s h i p  b e t w e e n  m e n t a l  s t a t e  a n d  t e m p o r a l  d i s o r d e r s  o f  p h y s i o l o g i c a l  
r h y t h m s .  M organ  e t  a l  ( 1 9 7 6 ) ,  f o r  i n s t a n c e ,  d e m o n s t r a t e d  t h a t  t h e  c h r o n i c  
s c h i z o p h r e n i c s  h a v e  a n  e a r l i e r  t e m p e r a t u r e  p e a k ,  w h ic h  d i f f e r s  
s i g n i f i c a n t l y  fr o m  n o n - s c h i z o p h r e n i c  p a t i e n t s .
G j e s s i n g  ( 1 9 6 0 ) ,  i n  h i s  s t u d y  o f  m e n t a l  a n d  m e t a b o l i c  c h a n g e s  o f  p e r i o d i c  
c a t a t o n i a ,  f o u n d  t h e  c a u s e  o f  t h e  d i s e a s e  t o  b e  t h e  r e t e n t i o n  o f  n i t r o g e n  
i n  t h e  b o d y .  He m a n a g e d  t o  s h o r t e n  t h e  c a t a t o n i c  p h a s e  b y  c o n t r o l l i n g  
t h e  n i t r o g e n  i n t a k e  o f  t h e  p a t i e n t s .
M oody e t  a l  ( 1 9 6 9 )  f o u n d  c h a n g e s  i n  c h l o r i d e  a n d  p o t a s s i u m  d u r i n g  
d e p r e s s i o n  a n d  r e c o v e r y  p h a s e  i n  M a n ic  D e p r e s s i v e  p a t i e n t s ,  w h ic h  m ay b e  
a s s o c i a t e d  w i t h  a n  a l t e r a t i o n  i n . t h e  r h y th m s  g o v e r n i n g  a c i d - b a s e  b a l a n c e .
H u s t o n  e t  a l  ( 1 9 6 8 )  s t u d i e d  v o l u n t e e r s  d u r i n g  3 3  h o u r s  i n  i s o l a t i o n  w h e r e  
d a t a  w a s  c o l l e c t e d  e v e r y  h o u r ,  a n d  s u g g e s t e d  o n  t h i s  b a s i s  t h a t  d e p r e s s e d  
p a t i e n t s  sh o w  so m e  d e s y n c h r o n i s a t i o n  am ong i n t e r n a l  r h y t h m s .
F r a n z e n  (1 9 7 1 )  f o u n d  a  c o r r e l a t i o n  b e t w e e n  r a t e d  c h a n g e  i n  m e n t a l  s t a t u s  
a n d  t h e  c h a n g e  o f  t h e  d i u r n a l  r h y th m  o f  s e r u m  c o r t i s o l  i n  c h r o n i c  
s c h i z o p h r e n i c  p a t i e n t s .
1 . 3 . 2 . 2  RHYTHMS IN PATHOLOGY
Y a m a z u k i e t  a l  ( 1 9 7 5 )  r e p o r t e d  t h a t  a u t i s t i c  c h i l d r e n  e x h i b i t  a n
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a d e q u a t e  s u s t e n a n c e  o f  s t r e s s  r e s p o n s e  w h ic h  i s  a c q u i r e d  i n  e a r l i e r  
s t a g e  o f  d e v e l o p m e n t , b u t  t h e  c i r c a d i a n  r h y t h m s ,  w h ic h  s e e m  t o  a p p e a r  a t  
a  l a t e r  s t a g e  w i t h  m a t u r i t y  o f  t h e  C e n t r a l  N e r v o u s  S y s t e m ,  r e v e a l e d  
a b n o r m a l p a t t e r n s .
H i l l  e t  a l  ( 1 9 7 7 )  c o m p a r e d  d i u r n a l  v a r i a t i o n  o f  c o r t i s o l  a n d  t e m p e r a t u r e  
o f  n o r m a l  a n d  a u t i s t i c  c h i l d r e n  a n d  f o u n d  a b n o r m a l p a t t e r n s  i n  b o t h  
m e a s u r e s  i n  f o u r  o f  t h e  s i x  c h i l d r e n .
A n s la m ia  (1 9 7 8 )  sh o w e d  d i s o r d e r  i n  t h e  c i r c a d i a n  r h y th m  o f  c a l c i u m ,  
m a g n e s iu m  a n d  p h o s p h o r o u s  e x c r e t i o n  i n  h y p e r t e n s i o n .
T h u s  i t  a p p e a r s  t o  b e  a  r e c o g n i s e d  f a c t  t h a t  b e h a v i o u r  d i s t u r b a n c e s  e x h i b i t  
d e s y n c h r o n i s a t i o n  o f  r h y t h m ic  p a t t e r n s ,  a l t h o u g h  w h e t h e r  t h e  d i s t u r b a n c e  
i n  t h e  r h y th m  i s  t h e  c a u s e  o f  sy m p to m  m a n i f e s t a t i o n  o r  t h e  r e s u l t  i s  
s t i l l  u n k n o w n .•
M o s t  o f  t h e  r h y th m  s t u d i e s  i n  p s y c h o p a t h o l o g y  h a v e  c o n c e n t r a t e d  o n  
v > \a n ic -& .e p r e s s iv e  " P s y c h o s i s  a n d  p e r i o d i c  C a t a t o n i a ,  o n e  o f  t h e  r e a s o n s  
b e i n g  t h e i r  m a r k e d  c y c l i c  n a t u r e .  M o s t  o f  t h e  r e s e a r c h e r s  i n  t h i s  f i e l d  
h a v e  a t t e m p t e d  t o  l o c a t e  ? th e  c l o c k  w h ic h  g o v e r n s  t h e  r h y t h m ic  p a t t e r n  i n  
t h e  a d r e n o c o r t i c o  h o r m o n e s .  T h e  b e h a v i o u r  o f  t h e  a d r e n a l  g l a n d  
p a r t i c u l a r l y ,  i s  c o n s i d e r e d  t o  b e  a n  i m p o r t a n t  l i n k  i n  t h e  c h a i n  b e t w e e n  
l i f e  s t r e s s e s  a n d  i l l n e s s .  H a l b e r g  e t  a l  ( 1 9 6 8 )  r e p o r t e d  a  m a r k e d  
d i f f e r e n c e  i n  u r i n a r y  1 7 - K e t o s t e r i o d s  b e t w e e n  h e a l t h y  a n d  d e p r e s s e d  
p a t i e n t s .
B a lo g h  ( 1 9 7 2 )  f o u n d  a  f l u c t u a t i o n  i n  t h y r o i d  f u n c t i o n  u n d e r  n o r m a l  a n d  
p a t h o l o g i c a l  c o n d i t i o n s  i n  r e l a t i o n  t o  t h e  c i r c a d i a n  r h y th m .
D u r r e l  ( 1 9 6 6 )  h a s  sh o w n  a  r e l a t i o n s h i p  b e t w e e n  t h y r o i d  a b n o r m a l i t y  a n d  
P s y c h o s e s .  He h a s  p o s t u l a t e d  t h a t  c a t a t o n i c  p s y c h o s e s  m ay b e  d u e  
t o  s u p p r e s s i o n  o f  t h y r o i d  e x c r e t i o n .
F u l l e r t o n  (1 9 6 8 )  s u g g e s t e d  a l t e r a t i o n  i n  r h y th m s  o f  s t e r i o d  e x c r e t i o n  i n
D e p r e s s i o n .  Som e d e p r e s s e d  p a t i e n t s  w e r e  o b s e r v e d  t o  h a v e  a n  a l t e r e d  
c i r c a d i a n  r h y th m  o f  t h e  h y p o t h a l m i c  p i t u i t a r y  a x i s .
O x e n k r u g  ( 1 9 7 8 )  s h o w e d  d i s t u r b e d  c i r c a d i a n  r h y th m  o f  5 - H y d r o x y t r y p t o p h a n  
u p t a k e  b y  b l o o d  p l a t l e t s  i n  D e p r e s s i v e  P s y c h o s e s .
R e c e n t  r e s e a r c h  h a s  e s t a b l i s h e d  a  d e f i n i t e  l i n k  i n  m e n t a l  i l l n e s s  a n d  
t e m p o r a l  d i s t u r b a n c e ,  w h ic h  i n  t u r n  r e q u i r e s  a  d r a s t i c  c h a n g e  i n  
t r e a t m e n t  a n d  d i a g n o s t i c  p r o c e d u r e .  T h e r e  i s  l i t t l e  d o u b t  t h a t  t h e r e  a r e  
p e r i o d s  o f  m axim um  s t r e n g t h  a n d  w e a k n e s s  f o r  w h a t e v e r  s t r e s s  an  i n d i v i d u a l  
i s  e x p o s e d  t o ,  w h ic h  n e e d s  t o  b e  e x p l o i t e d  f o r  o p tim u m  r e s u l t s  i n  
t h e r a p e u t i c  s i t u a t i o n s .  M o r e o v e r ,  t h e  d i s t u r b a n c e  i n  t h e  r h y th m  m i g h t  
e v e n  f u r n i s h  a  d i a g n o s t i c  c u e ,  f o r  i n s t a n c e  m any e m o t i o n a l  i l l n e s s e s  
a r e  p r e c e d e d  b y  i n s o m n i a ,  t h a t  i s ,  d i s t u r b a n c e  i n  s l e e p  c y c l e .  T h r o u g h  
t h e  u n d e r s t a n d i n g  o f  t h e  t e m p o r a l  a s p e c t s  o f  t h e  i l l n e s s ,  i t  m ay b e c o m e  
p o s s i b l e  t o  s c h e d u l e  m e d i c a t i o n  s o  a s  t o  r e s t o r e  n o r m a l  r h y t h m i c i t y  i n  
t h e  m e t a b o l i c  s y s t e m .  W h ere  a  c o m p l e t e  t r e a t m e n t  o f  a  d i s o r d e r  i s  n o t  
p o s s i b l e  p a t i e n t s  m ay a t  l e a s t  b e  l e d  t o  l e a d  a  n o r m a l  l i f e  b y  m a k in g  
a d j u s t m e n t  t o  t h e  p e r i o d i c  i l l n e s s .  A t p r e s e n t ,  r h y th m  r e s e a r c h  i s  a t  
a  v e r y  t h e o r e t i c a l  s t a g e ,  a t  a n  a p p l i e d  l e v e l  t e m p o r a l  p a t t e r n i n g  i s  
s e l d o m  e v e n  a c k n o w le d g e d  w h en  i t  c o m e s  t o  s c h e d u l i n g  d r u g s  a n d  
p s y c h o t h e r a p y .
1 *3 *2 ’ 3 ' PER IO DICITY  i n  l e a r n i n g  a n d  memory
L e a r n i n g  a n d  m em ory i s  a n o t h e r  i m p o r t a n t  a r e a  w h e r e  b i o l o g i c a l t p h y t h m s  
h a v e  b e e n  sh o w n  t o  m ak e a  p o s s i b l e  c o n t r i b u t i o n .  J u s t  a s  t h e  d r u g s  
w h ic h  i n d i v i d u a l s  t a k e  c a n  a f f e c t  th e m  d i f f e r e n t l y  d e p e n d i n g  u p o n  t h e  
t i m e  t h e y  a r e  t a k e n ,  t h e  sa m e  r h y t h m i c i t y  h a s  b e e n  sh o w n  t o  h a v e  an  
i m p l i c a t i o n  f o r  l e a r n i n g  a n d  m e m o r y . C o n r o y  a n d  M i l l s  ( 1 9 7 0 ) ,  L u c e  
( 1 9 7 0 ) ,  A s c h o f f  ( 1 9 6 7 ) ,  H a l b e r g  ( 1 9 6 9 ) ,  R e in b e r g  a n d  H a l b e r g  (1 9 7 1 )  
h a v e  a l l  e m p h a s i s e d  t h e  im p o r t a n c e  o f  l e a r n i n g  w i t h  r e f e r e n c e  t o  t i m e  
s t r u c t u r e .
H a l b e r g  (1 9 7 3 )  h a s  e m p h a s i s e d  t h e  d e s i r a b i l i t y  o f  s y n c h r o n i s i n g  v a r i o u s  
r h y th m s  w i t h  e x t r i n s i c  s c h e d u l e s  i n  o r d e r  t o  u t i l i s e  a  c e r t a i n  t i m e  o f  
t h e  d a y  a n d / o r  o f  t h e  w e e k  o r  y e a r ,  f o r  i n s t r u c t i o n  o f  a  g i v e n  k i n d .
R e s e a r c h e r s  h a v e  a l s o  i n t e r r u p t e d  t h e  m em ory p r o c e s s  i n  t h e i r  a t t e m p t s  
t o  l p c a t e  t h e  s t o r a g e  p r o c e s s ,  t h e  b i o c h e m i c a l  r e a c t i o n s  t h a t  t a k e  p l a c e  
a n d  t h e  t i m e  t a b l e  o f  t h e  s t o r a g e  p r o c e s s .  M cG augh a n d  S t e p h e n s  ( 1 9 6 5 )  
h a v e  d e m o n s t r a t e d ,  t h r o u g h  t h e i r  e x p e r i m e n t s  o n  m i c e ,  t h e  f o r m a t i o n  o f  
m em ory t r a c e s  a n d  c o n s o l i d a t i o n  o f  m em ory w h ic h  m i g h t  i t s e l f  f l u c t u a t e  
w i t h  t h e  2 4 - h o u r  t e m p e r a t u r e  a n d  a c t i v i t y  r h y th m .
D a v i e s  ( 1 9 7 3 )  d e m o n s t r a t e d  a  t w e n t y  f o u r  h o u r  r h y th m  i n  p a s s i v e  
a v o i d a n c e  b e h a v i o u r  i n  r a t s .  T h e  r a t s  w e r e  sh o w n  t o  a c q u i r e  a n d  r e t a i n  
p a s s i v e  a v o i d a n c e  t a s k s  m o re  r e a d i l y  a t  so m e  t i m e s  o f  d a y  t h a n  a t  o t h e r s .
B i o l o g i c a l  t i m e  o f  t h e  d a y  h a s  b e e n  d e m o n s t r a t e d  t o  h a v e  a n  
u n m i s t a k a b l e  i n f l u e n c e  i n  t h e  i n c u l c a t i o n  o f  t h e  l e a r n i n g  o f  f e a r  
r e s p o n s e .  T h e  r e s u l t s  i n d i c a t e d  t h a t  f e a r  w a s  l e a r n e d  m o s t  r a p i d l y  a t  
t h e  t i m e  o f  h i g h  a d r e n a l  h o r m o n e  i n  t h e  b l o o d  l e v e l ,  a n d  t h a t  e x t i n c t i o n  
w a s  a l s o  r a p i d  i f  i t  c o i n c i d e d  w i t h  t h e  sa m e  t i m e .  I t  h a s  b e e n  f u r t h e r  
i l l u s t r a t e d  t h a t  l e a r n i n g  a n d  u n l e a r n i n g  o f  f e a r  n o t  o n l y  h a s  a n  e l e m e n t  
o f  t i m i n g  b u t  t h a t  t h e  b o d y  a l s o  r e m e m b e r s  t h e  t i m e  o f  o c c u r r e n c e  o f  t h e  
f e a r  a n d  c o n t i n u e s  t o  a n t i c i p a t e  a n d  r e a c t  a t  t h e  sa m e  b i o l o g i c  t i m e  
e v e n  w h e n  t h e  p r o v o k i n g  s i t u a t i o n  h a s  b e e n  r e m o v e d . S t r o e b e l  ( 1 9 1 7 )  
p e r f o r m e d  a p p l i c a t i o n  o f  f e a r  c o n d i t i o n i n g  o n  m o n k e y s .  A f t e r  t h e  
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t s ,  t h e  o n e  m o n k ey  l e f t  a l o n e  f o r  t w e n t y  
e i g h t  d a y s  s h o w e d  h y p e r t e n s i o n  a n d  b l o o d  a c i d o s i s  a t  t h e  sa m e  h o u r  a t  
w h ic h  h e  w a s  c o n d i t i o n e d  o n e  m o n th  e a r l i e r .
T h e  l i n k  b e t w e e n  l e a r n i n g - m e m o r y  a n d  p e r i o d i c i t y  i s  a  p a r t i c u l a r l y  
r e l e v a n t  o n e ,  w h en  i t  c o m e s  t o  p s y c h o t h e r a p e u t i c  s i t u a t i o n s ;  t h e  p o s s i b i l i t y
I
t h a t  s t r e n g t h  o f  c o n d i t i o n i n g  w i l l  v a r y  a c c o r d i n g  t o  t h e  b i o l o g i c  t i m e  
w h en  t h e  r e s p o n s e  w a s  l e a r n e d ,  c o u l d  b e  e x p l o i t e d  w h en  i t  c o m e s  t o  
e x t i n c t i o n  o f  t h e  r e s p o n s e ,  t h a t  i s ,  r e v e r s i n g  a  s i t u a t i o n  fr o m  l e a r n e d  
t o  u n l e a r n e d .
-  25 -
O ne p a r t i c u l a r  f i e l d  i n  w h ic h  i o l o g i c a l  h y th m s  a p p e a r  t o  h a v e  f o u n d  a  
d i r e c t  a p p l i c a t i o n  i s  t h e  s c h e d u l e  o f  w o rk  a n d  r e s t .  I n  t h i s  c o n n e c t i o n ,  
t h e  m a in  a v e n u e s  o f  r e s e a r c h  h a v e  b e e n  t h e  e f f e c t  o f  c i r c a d i a n  r h y th m s  
i n  p e r f o r m a n c e  a n d  e f f i c i e n c y  o f  s h i f t - w o r k e r s  a n d  w o r k - r e s t  p a t t e r n s .
M o s t  i m p o r t a n t  f i n d i n g s  a n d  c o n t r i b u t i o n  i n  t h i s  a r e a  h a v e  b e e n  m ad e b y  
C lo u d s e l y - T h o m p s o n ,  C o lq u h o u n  a n d  M i l l s  am ong o t h e r s .
C o lq u h o u n  ( 1 9 7 0 )  e m p h a s i s e d  t h a t  i n  g e n e r a l  m e n t a l  e f f i c i e n c y  f o l l o w e d  
t h e  c o u r s e  o f  t h e  b o d y  t e m p e r a t u r e  r h y t h m s .  On n i g h t  s h i f t s  t h i s  
a l t e r a t i o n  c o n s i s t e d  p r i m a r i l y  o f  a  f l a t t e n i n g  o f  t h e  r h y t h m s ,  p a r t i c u l a r l y  
t h a t  p a r t  o f  i t  c o i n c i d i n g  w i t h  t h e  w o r k in g  s p e l l .  On t h e  b a s i s  o f  h i s  
r e s u l t s  C o lq u h o u n  s u g g e s t e d  t h e  p o s s i b i l i t y  o f  r e d u c i n g  t h e  e f f e c t s  o f  
c i r c a d i a n  r h y th m s  o n  s y s t e m  e f f i c i e n c y ¿ b y  p a r t i c u l a r  m a n i p u l a t i o n  o f  
d u t y  s c h e d u l e .
B la k e  (1 9 6 7 )  h a s  sh o w n  t h a t  t i m e  o f  d a y  e f f e c t s  e x i s t  i n  a c t i v i t i e s  
i n v o l v i n g  v i g i l a n c e  a n d  s h o r t  t e r m  m em o ry ; s l e e p  d e p r i v a t i o n  i s  
a p p a r e n t l y  sh o w n  t o  i n c r e a s e  t h e  w a k in g  d a y  f l u c t u a t i o n  i n  m e n t a l  
e f f i c i e n c y .
K e n n e t h  ( 1 9 7 1 )  p r o v i d e d  p h y s i o l o g i c a l  e v i d e n c e  f o r  v a r i a t i o n s  i n  
i n t e l l e c t u a l  c i r c a d i a n  p e r i o d i c i t y .
J e n n i n g  a n d  W ood ( 1 9 7 7 )  s t u d i e d  t e m p o r a l  r e l a t i o n s h i p  b e t w e e n  p h a s i c  
c a r d i a c  r e s p o n s e  a n d  c h o i c e  r e a c t i o n  t i m e  p e r f o r m a n c e . C o r r e l a t i o n  
b e t w e e n  p e r f o r m a n c e  a n d  i n t e r - b e a t - i n t e r v a l  s h o w e d  c o n s i s t e n t  v a r i a t i o n  
a s  a  f u n c t i o n  o f  t e m p o r a l  p r o x i m i t y  o f  i n t e r  b e a t  i n t e r v a l  t o  t h e  
s t i m u l u s .
F r a z i e r  ( 1 9 6 8 )  d e m o n s t r a t e d  i n  a  l o n g  t e r m  i s o l a t i o n  s t u d y  t h a t  
c i r c a d i a n  r h y t h m i c i t y  i s  t h e  m a j o r  s o u r c e  o f  v i g i l a n c e  p e r f o r m a n c e  
v a r i a t i o n .
1 . 3 . 2 . 4  MENTAL EFFICIENCY AND SHIFT WORK
-  26 -
T h e m o s t  com m on i s s u e  i n  t h e  s t u d i e s  i n v o l v i n g  b i o l o g i c a l  r h y t h m s  a n d  
p e r f o r m a n c e ,  i n  r e c e n t  y e a r s ,  h a s  b e e n  t h e  a m o u n t o f  d e s y n c h r o n i s a t i o n  
o f  r h y th m s  i n  i n d i v i d u a l s  w o r k in g  a t  i r r e g u l a r  h o u r s  a n d  t h e  e f f e c t  o f  
s h i f t  w o r k  o n  p e r f o r m a n c e  a n d  h e a l t h  w h ic h  m ay o c c u r  a s  t h e  r e s u l t  o f  
t h e  b r e a k d o w n  o f  c i r c a d i a n  p a t t e r n s .  I n  a  r e c e n t  r e v i e w ,  C o lq u h o u n  a n d  
R u t e n f r a n z  ( 1 9 7 7 )  h a v e  d i s c u s s e d  t h i s  p r o b le m  a t  a  g r e a t  l e n g t h .
C o lq u h o u n  ( 1 9 7 8 ) ,  p u r s u i n g  t h e  sa m e  l i n e  o f  a p p r o a c h ,  s t u d i e d  t h e  c i r c a d i a n  
r h y th m  o f  o r a l  t e m p e r a t u r e  d u r i n g  a  p r o l o n g e d  s u b m a r in e  s e a  v o y a g e ,  a n d  
n o t e d  c o n s i d e r a b l e  c h a n g e s  i n  t h e  r h y th m  a n d  c o n c u r r e n t  a l t e r a t i o n  i n  
t h e  s l e e p  p a t t e r n s .  He d i s c o v e r e d  a  d e g r e e  o f  d i s s o c i a t i o n  i n  t h e  v a r i o u s  
r h y t h m s .  I t  w a s  n o t  d e t e r m i n e d  w h e t h e r  b r e a k i n g  u p  o f
c i r c a d i a n  r h y th m  i s  d e t r i m e n t a l  t o  h e a l t h  a n d  e f f i c i e n c y .
C a r a g u a t i  e t  a l  ( 1 9 7 1 ) ,  i n v e s t i g a t i n g  t h e  e f f e c t  o f  a l t e r a t i o n  o f  t h e  
c i r c a d i a n  r h y th m s  o n  a  g r o u p  o f  s t a t e  r a i l w a y  w o r k e r s ,  f o u n d  t h a t  t h e  
hum an o r g a n i s m  i s  n o t  c a p a b l e  t o  a d a p t  i t s e l f  q u i c k l y  t o  c h a n g e d  o r  
i n v e r t e d  c y c l e s  o f  a c t i v i t y  a n d  r e s t .
F o l k l a h d  a n d  H a in  ( 1 9 7 7 )  s t u d i e d  a d j u s t m e n t  r a t e  o f  f u l l  a n d  p a r t  t i m e  
n u r s e s  a n d  n o t i c e d  d i s s o c i a t i o n  o f  v a r i o u s  r h y t h m s .
A g r o u p  o f  r e s e a r c h e r s  h a v e  a t t e m p t e d  t o  i n v e s t i g a t e  a  c o r r e l a t i o n  or< 
l a c k  o f  i t  b e t w e e n  t e m p e r a t u r e  a n d  p e r f o r m a n c e  r h y t h m . D o s k in  e t  a l  
( 1 9 7 6 ) ,  f o r  i n s t a n c e ,  s t u d i e d  t h e  s u b j e c t i v e  p e r c e p t i o n  o f  l e v e l  o f  
a r o u s a l  a n d  o r a l  t e m p e r a t u r e  i n  g r o u p  o f  o f f i c e  w o r k e r s  i n  a  c o n s t a n t  
t h e r m a l  e n v i r o n m e n t .  T h e  c o m p a r i s o n  i n d i c a t e d  a  d e c r e a s e  i n  a r o u s a l .
D a le  ( 1 9 7 7 ) ,  fr o m  h i s  s t u d y  o f  s h i f t  w o r k ,  c o n c l u d e d  t h a t  t h e  
f l u c t u a t i o n  o f  o n - t h e - j o b  p e r f o r m a n c e  b e t w e e n  m o r n in g  a n d  e v e n i n g  
s u b j e c t s  c a n n o t  b e  a t t r i b u t e d  t o  p e r s o n a l i t y  d i f f e r e n c e s  b u t  i s  d u e  t o  
c i r c a d i a n  t e m p e r a t u r e  v a r i a t i o n s .
T h o r n e  a n d  P u r e l l  ( 1 9 7 6 )  h a v e  a l s o  r e l a t e d  s i m i l a r  r e s u l t s  t o  t h a t  o f '  
D o s k in  e t  a l ,  i n  t h e i r  s t u d y  o f  o f f i c e  w o r k e r s  i n  c o n s t a n t  t h e r m a l  
e n v i r o n m e n t .
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P a t k a i  e t  a l  ( 1 9 7 7 )  s t u d i e d  d i u r n a l  v a r i a t i o n  i n  b o d y  t e m p e r a t u r e ,  
c a t e c h o l a m i n e  e x c r e t i o n  p e r f o r m a n c e  a n d  s u b j e c t i v e  a l e r t n e s s  i n  
p e r m a n e n t  n i g h t - s h i f t  w o r k e r s  a n d  f o u n d  a  s i g n i f i c a n t  d i u r n a l  p a t t e r n  
w i t h  h i g h  v a l u e  d u r i n g  w o r k .
A k e r s t e d t  ( 1 9 7 7 )  f o u n d  a l l  p h y s i o l o g i c a l  m e a s u r e s  t o  b e  s t r o n g l y  
a f f e c t e d  b y  t h e  e x p o s u r e  t o  n i g h t  w o r k ;  t h e  a d r e n a l i n e  e x c r e t i o n  
p a r t i c u l a r l y  i n d i c a t e d  a  s t r e s s  r e s p o r t s e  o f  t h e  o r g a n i s m .
Som e o f  t h e  a u t h o r s  h a v e  r e p o r t e d  f i n d i n g s  c o n t r a d i c t o r y  t o  t h e  o n e s  
m e n t io n e d  a b o v e .  A im s w o r th  a n d  B i s h o p  ( 1 9 7 7 ) ,  f o r  i n s t a n c e ,  d e m o n s t r a t e d  
t h a t  s u b j e c t s  c i r c a d i a n  r h y th m s  d i d  n o t  a f f e c t  s i g n i f i c a n t l y  t h e  
p e r f o r m a n c e  o f  t h e  t a n k  c r e w  o n  a  4 8 - h o u r  s u s t a i n e d  f i e l d  a c t i v i t y .
G a z e n k o  e t  a l  ( 1 9 7 0 )  s h o w e d  t h a t  man c a n  o p e r a t e  w i t h  p r e s e r v a t i o n  o f  
s u f f i c i e n t  p s y c h o l o g i c a l  a n d  p h y s i c a l  e f f i c i e n c y  o n  a  p r o l o n g e d  s p a c e  
f l i g h t .
C u r t i s  a n d  F o g e l  ( 1 9 7 2 )  d e t e c t e d  n o  im p a ir m e n t  o f  c o g n i t i v e  a n d / o r  
p e r s o n a l i t y  f u n c t i o n s  i n  s u b j e c t s  w ho l i v e d  o n  a  f o u r t e e n  d a y  ra n d o m  
l i v i n g  s c h e d u l e .
An e x p l a n a t i o n  o f  t h i s  l a c k  o f  u n a n i m i t y  a n d  i n  so m e  r e s p e c t s  c o n f u s i n g  
r e s u l t s  c o u l d  b e  d u e  t o  t h e  d i f f e r e n t  c o n d i t i o n s  u n d e r  w h ic h  t h e  
e x p e r i m e n t s  w e r e  c a r r i e d  o u t ,  t o g e t h e r  w i t h  t h e  d i f f e r e n t  p a r a m e t e r s  o f  
c i r c a d i a n  r h y t h m ic  p h e n o m e n o n  m e a s u r e d  a n d  a l s o  t h e  n u m b er  o f  t e s t  
s u b j e c t s  i n v e s t i g a t e d .  H o w e v e r ,  d e s p i t e  t h e  c o n f u s i n g  r e s u l t s ,  t h e r e  
i s  s t r o n g  e v i d e n c e  t h a t  e v e n  t h o u g h  b r e a k i n g  u p  o f  r h y t h m ic  p a t t e r n  m ay  
n o t  c a u s e  d a m a g e  t o  h e a l t h  a n d  h a v e  i l l  e f f e c t  o n  e f f i c i e n c y ,  p h a s e  
s h i f t  a n d  n o n  c i r c a d i a n  c y c l e  m ay c r e a t e  i n n e r  p h y s i o l o g i c a l  t r a n s i t i o n  
t h a t  m ay m ake a n  o r g a n i s m  m o re  v u l n e r a b l e  t o  a l l  f o r m s  o f  s t r e s s e s .  A s 
a m a t t e r  o f  f a c t  t h e r e  h a s  b e e n  so m e  e v i d e n c e  o f  a  h i g h  i n c i d e n c e  r a t e  o f  
u l c e r s  a n d  h y p e r t e n s i o n  am on g  s h i f t  w o r k e r s  (L u c e  1 9 7 0 ) .
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R e l a t e d  t o  t h e  s t u d i e s  p e r f o r m e d  i n  s h i f t - w o r k e r s  a n d  e f f i c i e n c y ,  a  
g r o w in g  i n t e r e s t  h a s  b e e n  sh o w n  i n  t h e  d i s t u r b a n c e  o f  hum an  c i r c a d i a n  
r h y th m s  a n d  t h e  e f f e c t s  a n d  a d a p t a t i o n  t o  m a j o r  t i m e  s h i f t s ,  m a i n l y  
b e c a u s e  o f  i t s  p o s s i b l e  c o n t r i b u t i o n  t o  t h e  sy m p to m s  o f  f a t i g u e  a f t e r  
g l o b a l  f l i g h t s  e s p e c i a l l y  i n  t h e  a i r l i n e  p e r s o n n e l .
G r e r r i t z e n  ( 1 9 6 6 )  s u g g e s t e d  t h a t  i n  t e s t  s u b j e c t s ,  u n d e r  s t a n d a r d  
c o n d i t i o n s ,  l i g h t  i s  t h e  m a in  f a c t o r  i n  t h e  d i s r e g u l a t i o n  o f  t h e  c i r c a d i a n  
r h y th m  a f t e r  t r a n s p o r t  t o  a n o t h e r  t i m e  z o n e .
A s c h o f f  (1 9 6 9 )  s i m u l a t e d  e a s t - v / e s t  a n d  v i c e - v e r s a  f l i g h t s  b y  a r t i f i c i a l l y  
s h i f t i n g  t h e  s y n c h r o n i s e r s  a n d  d e m o n s t r a t e d  a  f a s t e r  a d j u s t m e n t  t o  a n  
E a s t w a r d  t h a n  a  W e s tw a r d  s h i f t .  *
C h em in  (1 9 6 9 )  s u g g e s t e d  t h a t  m a i n t a i n i n g  t h e  p e r i o d i c i t y  o f  i o l o g i c a l  
h y th m  i s  e s s e n t i a l  f o r  a d a p t a t i o n  t o  l o n g e r  f l i g h t s .
K l i e n  ( 1 9 7 0 ) ,  fr o m  h i s  s t u d y  o f  m u l t i p l e  t i m e  z o n e  t r a v e l ,  c o n c l u d e d  t h a t  
p e r f o r m a n c e  d e c r e m e n t  i n  t h e  p i l o t s  w a s  s i g n i f i c a n t  o n l y  a f t e r  E a s t w a r d  
f l i g h t s  b u t  n o t  a f t e r  W e s tw a r d  f l i g h t s ,  o n e  o f  t h e  r e a s o n s  b e i n g  g r e a t e r  
s l e e p  l o s s  i n  E a s t w a r d  f l i g h t s .
P r e s t o n  ( 1 9 7 8 )  d i s c o v e r e d  t h a t  t h e r e  w a s  i m p a i r e d  p e r f o r m a n c e  i n  a i r l i n e  
p e r s o n n e l  t o  t i m e  z o n e  c h a n g e s  w h e n  w o r k  w a s  c a r r i e d  o u t  i n  l o c a l  t i m e .
T h u s ,  t h e r e  s e e m s  t o  b e  a  g r o w in g  c o n s e n s u s  t h a t  t h e  s t u d y  o f  p h y s i o l o g i c  
r h y th m s  m ay b e  o f  im p o r t a n c e  i n  t h e  p r a c t i c e  o f  a i r  t r a n s p o r t ,  d u e  t o  a  
c l o s e  c o r r e l a t i o n  b e t w e e n  t h e s e  p a r a m e t e r s  a n d  i n d i c e s  o f  p s y c h o l o g i c a l  
b e h a v i o u r .  I t  i s  e s s e n t i a l  t o  b e  a w a r e  o f  r h y t h m ic  p a r a m e t e r s ,  n o t  o n l y  
f o r  t h e  p o s s i b i l i t y  o f  n i g h t - f l i g h t  r i s k ,  b u t  a l s o  a s  a  n e c e s s a r y  
p r e r e q u i s i t e  f o r  a n  a p p r a i s a l  o f  r a p i d  t r a n s p o r t a t i o n  e f f e c t s  o n  p i l o t ’s  
e f f i c i e n c y .  T h e r e  i s  l i t t l e  d o u b t  t h a t  r o t a t i n g  s h i f t s  a n d  e a s t - w e s t  
t r a v e l  p u t  a  p e r s o n  i n  a  s t a t e  o f  d e s y n c h r o n y .  A s i n d u s t r i a l i s a t i o n
1 . 3 . 2 . 5  TIME ZONE SHIFT AND RHYTHM DESYNCHRONISATION '•
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s p r e a d s  a n d  t e n d s  t o  r u n  c o n t i n u o u s  r o u n d  t h e  c l o c k  o p e r a t i o n s ,  t h e  
n u m b er  o f  p e o p l e  a f f e c t e d  b y  n i g h t  w o r k ,  r o t a t i n g  s h i f t s  a n d  j e t  t r a v e l  
w o u ld  i n c r e a s e ,  w h ic h  w o u ld  m ak e i t  i m p e r a t i v e  f o r  p e o p l e  t o  t a k e  t e s t s  
o f  t e m p o r a l  a n d  p h y s i o l o g i c a l  s t a b i l i t y  b e f o r e  t h e y  e n t e r  d e m a n d in g  
p r o f e s s i o n s .
1 . 3 . 2 . 6  PER IO DICITY  OF THE SEXUAL CYCLE
O ne o f  t h e  w e l l  d o c u m e n t e d  l o n g  t e r m  r h y t h m s h a s  b e e n  t h e  p h e n o m e n o n  o f  
m e n s t r u a t i o n  w h ic h  h a s  b e e n  sh o w n  t o  h a v e  a  c o r r e l a t i o n  w i t h  l u n a r  
r h y th m  t h o u g h  t h e r e  a r e  w id e  i n d i v i d u a l  v a r i a t i o n s .  A l s o  f o r  hum an  
m a l e s  a  l u n a r  s e x u a l  c y c l e  h a s  b e e n  a s s u m e d  b y  v a r i o u s  a u t h o r s .
A t  p r e s e n t  a t t e m p t s  h a v e  b e e n  m ade t o  c o r r e l a t e  m e n s t r u a l  r h y th m s  w i t h  
c h a n g e s  i n  m ood  a n d  p e r f o r m a n c e ,  a s  y e t  t h e r e  h a s  b e e n  n o  c o n c l u s i v e  
e v i d e n c e  b e t w e e n  m e n s t r u a l  c y c l e  a n d  m ood  a n d  p e r f o r m a n c e  f l u c t u a t i o n .
S i l l a  a n d  K h a s s  e t  a l  ( 1 9 7 5 )  f o u n d  t h e  t o t a l  p h y s i c a l  a n d  m e n t a l  
c a p a c i t y  t o  b e  h e i g h t e n e d  d u r i n g  m e n s t r u a t i o n ,  l o w e s t  a t  t h e  t i m e  o f  
o v u l a t i o n  a n d  a t  a n  a v e r a g e  l e v e l  i n  t h e  p h a s e  o f  p r o l i f e r a t i o n  a n d  
s e c r e t i o n .
May ( 1 9 7 6 )  f o u n d  n o  c o r r e s p o n d e n c e  b e t w e e n  o n e  t i m e  r e t r o s p e c t i v e  r e p o r t s  
o f  m e n s t r u a l  m ood v a r i a t i o n s  a n d  t h e  a c t u a l  r e p o r t s  o f  m ood  a t  d i f f e r e n t  
p o i n t s  i n  t h e  m e n s t r u a l  c y c l e .
W i lc o x o n  a n d  S c h r o d e r  e t  a l  ( 1 9 7 6 )  n o t e d  t h a t  r e p o r t s  o f  n e g a t i v e  a f f e c t ,  
i m p a i r e d  c o n c e n t r a t i o n  a n d  s t r e s s f u l  e v e n t s  d i d  n o t  d i f f e r  b y  s a m p l e s  
b u t  s i g n i f i c a n t  s a m p le  b y  c y c l e  i n t e r a c t i o n s  r e f l e c t e d  d i f f e r e n t i a l  
i n c r e a s e s  i n  t h e  tw o  f e m a l e  s a m p l e s  d u r i n g  t h e  p r e m e n s t r u a l  a n d  m e n s t r u a l  
p h a s e s .
T e d f o r d  e t  a l  ( 1 9 7 7 )  f o u n d  t h e  m e n s t r u a l  g r o u p  e x h i b i t i n g  f l u c t u a t i o n  i n  
a v e r s i o n  t h r e s h o l d  f o r  a  m axim um  a t  o v u l a t i o n  t o  a  m in im u m  o n e  w e e k  
a f t e r  t h e  o n s e t  o f  m e n s t r u a t i o n .
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A n o t h e r  a r e a  w h ic h  i n  r e c e n t  y e a r s  h a s  s e e n  a  r e v i v a l  o f  i n t e r e s t  i s  t h e  
t e n d e n c y  f o r  t h e  e m p i r i c a l  f o r e c a s t i n g  o f  r h y t h m s ,  t h e  c a l c u l a t i o n  o f  
B i o r h y t h m s .
T h e  f o r m u la  f o r  t h e  u s e  o f  B io r h y t h m s  w h ic h  w a s  o r i g i n a l l y  p u b l i s h e d  
b y  F l i e s s  ( 1 8 7 7 )  a n d  l a t e r  r e v i e w e d  b y  Thommen ( 1 9 6 3 ) ,  p r o m i s e s  a  
r e a d e r  t h e  a b i l i t y  t o  c h a r t  h i s  ow n c y c l e  o f  p h y s i c a l  (2 3  d a y s ) , e m o t i o n a l  
( 2 8  d a y s )  a n d  i n t e l l e c t u a l  (3 3  d a y s )  v u l n e r a b i l i t y  a n d  s t r e n g t h  i n  a d v a n c e .  
T h i s  f o r m u la  i s  now  b e i n g  u s e d  i n c r e a s i n g l y ,  i n  i n d u s t r i a l  s a f e t y  a n d  
a v i a t i o n  s p a c e  r e s e a r c h .
M o r ia n  (1 9 7 4 )  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  B io r h y t h m s  i n  hum an  
p e r f o r m a n c e .  T h e  r e s u l t s  s u g g e s t e d  sotfie e x i s t e n c e  o f  a  f u n c t i o n a l  
r e l a t i o n s h i p .
N e i l  a n d  S in k  ( 1 9 7 6 )  p e r f o r m e d  a  l a b o r a t o r y  i n v e s t i g a t i o n  o f  B i o r h y t h m s .  
T h r e e  s u b j e c t s  w e r e  t e s t e d  o n  a n  i n f o r m a t i o n  p r o c e s s i n g  t a s k  o n  a  d a i l y  
b a s i s  f o r  a  p e r i o d  o f  s e v e n t y  d a y s . T h e r e s u l t s  w e r e  i n t e r p r e t e d  a s  
s u g g e s t i n g  t h e  p o s s i b i l i t y  o f  a  b i o r h y t h m i c  i n f l u e n c e  i n  t h e  
p e r f o r m a n c e  o f  t h e  t a s k .
M a r t in  e t  a l  ( 1 9 7 6 )  c o m p u t e d  t h e  p o s i t i o n  o f  B io r h y t h m  c y c l e s  f o r  23  
r u n n e r s  o v e r  a  p e r i o d  o f  tw o  a n d  a  h a l f  y e a r s .  R e s u l t s  i n d i c a t e d  a  
s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  o n l y  e m o t i o n a l  r h y th m .
W o l c o t t  a n d  M cM eek in  ( 1 9 7 7 )  c a l c u l a t e d  B io r h y t h m s  f o r  4 0 0 0  p i l o t s  
i n v o l v e d  i n  g e n e r a l  a v i a t i o n  a c c i d e n t s  i n  1 9 7 2 .  D a t a  w a s  a n a l y s e d  f o r  
c o r r e l a t i o n  o f  a i r c r a f t  a c c i d e n t  o c c u r r e n c e  w i t h  b o t h  b i o r h y t h m i c a l l y  
c r i t i c a l  d a y s  a n d  w i t h  i n d i v i d u a l  a n d  m u l t i p l e  lo w  o r  n e g a t i v e  p h a s e s  
o f  c y c l e .  N o c o r r e l a t i o n  w a s  f o u n d  b e t w e e n  a c c i d e n t  o c c u r r e n c e  a n d  
b i o r h y t h m i c  c r i t i c a l i t y  o r  lo w  p h a s e  o f  c y c l e .  T h i s  w a s  t r u e  f o r  b o t h  
c a s e s  i n  w h ic h  t h e  p r im a r y  c a u s e  o f  t h e  a c c i d e n t  w a s  a t t r i b u t e d  t o  p i l o t  
i n v o l v e m e n t  a n d  f o r  t h o s e  i n  w h ic h  i t  w a s  n o t .
1 . 3 . 2 . 7 BIORHYTHMIC INFLUENCE IN HEALTH AND DISEASE
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A s y e t  n o  c o n c l u s i v e  e v i d e n c e  h a s  b e e n  d e m o n s t r a t e d  b e t w e e n  b i o r h y t h m i c  
i n f l u e n c e ,  c r i t i c a l  d a y s  a n d  hum an b e h a v i o u r  t h o u g h  r e s u l t s  h a v e  b e e n  
p u b l i s h e d  b o t h  i n  c o n f i r m a t i o n  a n d  r e j e c t i o n  o f  t h e  f o r m u l a .  T h e r e  i s  
n o  d o u b t  t h a t  t h e  u n d e r l y i n g  n o t i o n  o f  t h e  e m p i r i c a l  f o r e c a s t i n g  o f  
r h y th m s  i s  a  s o u n d  o n e ,  r h y th m s  d o  e x i s t  i n  a l l  b e h a v i o u r a l  p a r a m e t e r s .  
H o w e v e r ,  t h e  m a t h e m a t i c s  b e h i n d  t h e  f o r m u la  c o n c o c t e d  b y  F l i e s s  i s  a  
b l a t a n t l y  u n s o p h i s t i c a t e d  o n e .
1 , 4  SUMMARY AND CONCLUSION
From  t h e  p r e v i o u s  r e v i e w  i t  i s  a p p a r e n t  t h a t  t h e  c o n c e p t  o f  c l o c k  t i m e  
i s  a  c o m p le x  o n e  r a n g i n g  fr o m  r e l a t i v e l y  p r i m i t i v e  n o t i o n s  o f  b e f o r e  
a n d  a f t e r  t o  t h e  a b s t r a c t i o n  o f  c o n t i n u o u s  f l o w  w h ic h  i s  d i v i s i b l e  i n t o  
e q u a l  u n i t s  o f  d u r a t i o n .
V ie w e d  fr o m  w h a t e v e r  d i s c i p l i n e , i t  i s  a n  a c c e p t e d  f a c t  t h a t  o r g a n i s m s  
e x h i b i t  o s c i l l a t o r y  b e h a v i o u r ;  e v e r y  s t a t e  o f  t h e  o r g a n i s m  i s  c o n s t r a i n e d  
t o  r e c u r  a t  r e g u l a r  i n t e r v a l s  w h ic h  c a n  n o  l o n g e r  b e  i g n o r e d .  T h e  b a s i c  
q u e s t  u n d e r l y i n g  a l l  t h e  s t u d i e s  i s  t h e  e x p l o r a t i o n  o f  t h e  c l o c k  
c o n t r o l l i n g  b e h a v i o u r  a n d  t h e  e x p l o i t a t i o n  o f  t h i s  t i m i n g  m e c h a n is m , i n  
o r d e r  t o  t a k e  a n  a d v a n t a g e  o f  th e m  o r  a t  l e a s t  n o t  t o  b e  p u t  a t  a  
d i s a d v a n t a g e  b y  t h e m .
T h i s  i s  o n l y  t h e  b e g i n n i n g  o f  t h e  e x p l o r a t i o n  o f  B i o l o g i c a l  T im e  
S t r u c t u r e .  A t  t h e  m o m en t k n o w le d g e  a b o u t  t i m e  a n d  r h y th m  v i e w e d  fr o m  
w h a t e v e r  a n g l e  i s  a t  b e s t  r u d i m e n t a r y .  M uch o f  t h e  w o r k  p e r f o r m e d  i n  
t h i s  a r e a  i s  o n l y  a t  a  v e r y  b a s i c  l e v e l .  I t  i s  h o p e d  t h a t  w i t h  t h e  
a c c u m u l a t i o n  o f  g r e a t e r  i n f o r m a t i o n  i t  w o u ld  b e  p o s s i b l e  t o  a p p l y  t h i s  
k n o w le d g e  i n  r e a l  l i f e  s i t u a t i o n s .
A p p a r e n t l y  t h e  f r e q u e n c y  w h ic h  i s  s t u d i e d  i n  d e p t h ,  a n d  i s  w e l l  d o c u m e n t e d ,  
i s  t h e  c i r c a d i a n  o n e ,  t h e  a d a p t i v e  v a l u e  o f  t h e  c i r c a d i a n  r h y th m  h a s  b e e n  
d e m o n s t r a t e d  o v e r  a n d  o v e r  a g a i n .  T h e r e  a r e ,  h o w e v e r ,  a  w id e  r a n g e  o f  
f r e q u e n c i e s  i n  t h e  t e m p o r a l  a r c h i t e c t u r e  o f  t h e  hum an b e i n g  w h ic h  s t i l l  
r e m a in  u n t o u c h e d ,  t h e r e  h a s  b e e n  so m e  m e n t io n  o f  t h e  a n n u a l  r h y t h m , a n d
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c e r t a i n  m o n t h ly  r h y th m  i n  p a t h o l o g y ,  w h ic h  m ay b e  e q u a l l y  i m p o r t a n t  a s  
t h e  c i r c a d i a n  r h y t h m s .  I t  a p p e a r s  t h a t  t h e  s l o w e r  t h e  f r e q u e n c y  r a n g e  
t h e  m o re  d i f f i c u l t  t o  a s s e s s  t h e m ,  d u e  t o  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  
t h e  l e n g t h  o f  s t u d y .
T h e r e  a r e  s e v e r a l  i m p o r t a n t  a n d  v e r y  b a s i c  q u e s t i o n s  w h ic h  r e m a in  
u n a n s w e r e d .  T h e r e  i s  t h e  p r o b le m  o f  t h e  l o c a t i o n  o f  t h e  B i o l o g i c a l  
C lo c k  a n d  t h e  r e g u l a t o r y  m e c h a n is m  b e h i n d  t h e  c l o c k .  A l t h o u g h  t h e r e  i s  
so m e  s u g g e s t i o n  t h a t  t h e  p h y s i o l o g i c a l  o r  c h e m i c a l  m e c h a n is m  w h ic h  
c a r r i e s  t h e  r h y th m  i n  t h e  m am m als i s  t h e  a d r e n o c o r t i c a l  s t e r i o d  w h ic h  
r e p r e s e n t s  t h e  m e c h a n is m  o f  c e r t a i n  c i r c a d i a n  r h y t h m s .
O ne o f  t h e  p r a c t i c a l  p r o b le m s  i n  r h y th m o m e tr y  i s  t h e  r e c o r d i n g  o f  t h e  
d a t a  i t s e l f .  Many o f  t h e  b e h a v i o u r a l  p a r a m e t e r s  r e m a in  u n t a c k l e d  
b e c a u s e  o f  t h e  t i m e  a n d  e x p e n s e  i n v o l v e d  o n  t h e  p a r t  o f  t h e  r e s e a r c h e r  
a n d  u n d u e  s t r e s s  o n  t h e  p a r t  o f  t h e  s u b j e c t .  O ne s o l u t i o n  t o  t h e  
p r o b le m ,  i n  t h e  n e a r  f u t u r e ,  i s  t h e  i n c o r p o r a t i o n  o f  t e l e m e t r i c  d e v i c e s  
i n  r h y t h m ic  s t u d y .  T h e r e  h a s  b e e n  so m e  e v i d e n c e  o f  t h e  u s e  o f  
r a d i o t e l e m e t r y  i n  t h e  s t u d y  o f  t e m p e r a t u r e  a n d  h e a r t  r a t e .  A s 
m i n i a t u r i s e d  r a d i o t e l e m e t r y  g a i n s  p o p u l a r i t y ,  a n d  i s  p r o d u c e d  i n  a  
m a s s  s c a l e ,  i t  w o u ld  b e  p o s s i b l e  t o  r e c o r d  q u i t e  a  f e w  o f  t h e  
p h y s i o l o g i c a l  p a r a m e t e r s  w i t h o u t  u n d u e  s t r e s s  o n  t h e  p a r t  o f  t h e  
o r g a n i s m  a n d  w i l l  a l s o  s o l v e  t h e  p r o b le m  o f  t h e  e f f e c t  o f  t h e  i n t e r v a l  
b e t w e e n  c o n s e c u t i v e  s a m p le  u p o n  d a t a  a n a l y s i s ,  w h ic h  i s  n o t  p o s s i b l e  
w i t h  t h e  p r e s e n t  m e t h o d s .
T h u s t o  c o n c l u d e ,  r h y th m s  d e s e r v e  a t t e n t i o n  b e c a u s e  t h e y  a r e  b a s i c ,  
r e l e v a n t  a n d  e v e r  p r e s e n t  p h e n o m e n o n  i n  l i v i n g  o r g a n i s m s . T h r o u g h  r h y th m  
s t u d i e s  i t  i s  now  p o s s i b l e  t o  r a i s e  n ew  q u e s t i o n s  a b o u t  b o d y  f u n c t i o n  i n  
h e a l t h  a n d  d i s e a s e ,  w h e t h e r  i t  p e r t a i n s  t o  t i m e  z o n e  s h i f t s  o r  
d e s y n c h r o n i s a t i o n  o f  r h y th m  i n  p s y c h o t i c  d i s o r d e r .  S u c h  r h y th m  
a l t e r a t i o n  c o u l d  b e  t h e  d e t e r m i n i n g  a g e n t  o f  e i t h e r  t h e  d e c r e a s e  i n  
p e r f o r m a n c e  o r  a n  a c t u a l  d i s e a s e  p r o c e s s .
A t  p r e s e n t ,  k n o w le d g e  a b o u t  t i m e  a n d  r h y th m  v i e w e d  fr o m  w h a t e v e r  a n g l e
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i s  a t  b e s t  r u d i m e n t a r y .  T h e  p r e s e n t  i n v e s t i g a t i o n  w a s  a t t e m p t e d  w i t h  
t h e  b e l i e f  t h a t  t h e  k n o w n  hum an p a r a m e t e r s  o f  t i m e  s h o u l d  b e  g i v e n  
p r i o r i t y  c o n s i d e r a t i o n  f o r  r h y th m  s t u d y  t o  y i e l d  i n f o r m a t i o n  6 f  e n d u r i n g  
v a l u e .  T h u s  t h e  s e a r c h  f o r  r h y t h m ic  v a r i a t i o n  a n d  d i f f e r e n t i a t i o n  i n  
hum an  b e h a v i o u r  i s  c o n s i d e r e d  fr o m  t h e  p o i n t  o f  v i e w  o f  g a t h e r i n g  d a t a  
a b o u t  s u c h  b e h a v i o u r a l  p a r a m e t e r s  a s  c h a n g e s  i n  m o o d , m e n t a l  e f f i c i e n c y  
a n d  p h y s i c a l  h e a l t h .  I t  i s  h o p e d  t h a t  t h e  r e s e a r c h  w i l l  h e l p  t o  r e d u c e  
n o  m a t t e r  how  m i c r o s c o p i c a l l y  t h e  a u r a  o f  u n c e r t a i n t y  u n d e r l y i n g  p e r i o d i c  
c o m p o n e n t  i n  hum an b e h a v i o u r .
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2 . 1  B A SIC  CONCEPTS
B i o l o g i c a l  r h y t h m  R e s e a r c h  r e l i e s  h e a v i l y  u p o n  b o r r o w e d  p r i n c i p l e s  a n d  
t e r m i n o l o g y  o f  v a r i o u s  d i s c i p l i n e s ,  p a r t i c u l a r l y  m a t h e m a t i c s ,  c y b e r n e t i c s  
a n d  p h y s i c s . A s w o u ld  b e  a p p a r e n t  a l l  a l o n g  t h e  t h e s i s  m o s t  o f  t h e  
c o n c e p t s  a n d  p a r a m e t e r s  d e s c r i b i n g  r h y t h m ic  b e h a v i o u r  h a v e  b e e n  a d o p t e d  
f r o m  p h y s i c s  a n d  c y b e r n e t i c s ,  w h ic h  c o u l d  b e  i n t i m i d a t i n g  a n d  s o m e t im e s  
e v e n  c o n f u s i n g  i f  u s e d  s l i g h t l y  d i f f e r e n t l y  fr o m  t h e  o r i g i n a l  c o n t e x t .  
T h i s  s e c t i o n  i s  c o n c e r n e d  w i t h  t h e  e x p l a n a t i o n  a n d  d e f i n i t i o n  o f  s u c h  a n d  
o t h e r  c o n c e p t s  w h ic h  m ay b e  u s e f u l  i n  t h e  u n d e r s t a n d i n g  o f  t h e  b a s i c  
p r i n c i p l e s .
B e h a v i o u r a l  p a t t e r n s  t h a t  r e c u r  o n  a  p r e d i c t a b l e  b a s i s  a r e  s y n o n y a m o u s ly  
r e f e r r e d  t o  a s  p e r i o d i c  b e h a v i o u r ,  o s c i l l a t o r y  b e h a v i o u r ,  c y c l i c  c h a n g e s  
o r  b i o l o g i c a l  c l o c k  m e c h a n is m .
I  PERIODIC BEHAVIOUR: A v a r y i n g  q u a n t i t y  w h ic h  r e p e a t s  i t s e l f
a t  r e g u l a r  i n t e r v a l s  i s  s a i d  t o  b e  p e r i o d i c .  T h u s  p e r i o d i c  b e h a v i o u r  i s  
c y c l i c  v a r i a t i o n  o f  p h y s i o l o g i c a l  o r  b e h a v i o u r a l  p h e n o m e n o n  o v e r  p e r i o d s  
o f  t i m e . P l a n t s  a n d  a n i m a l s  e x i s t  i n  e n v ir o n m e n t s  w h ic h  e x h i b i t  p e r i o d i c  
v a r i a t i o n  i n  m any f a c t o r s  s u c h  a s  l i g h t  i n t e n s i t y ,  t e m p e r a t u r e ,  h u m i d i t y  
a n d  p r e s s u r e  o f  t h e  s u r r o u n d i n g  a i r  o r  w a t e r .  T h e s e  f a c t o r s  m ay v a r y  
w i t h  t h e  d a y  t o  n i g h t  s o l a r  c y c l e  a s  w e l l  a s  w i t h  t i d a l  c y c l e  a n d  a n n u a l  
s e a s o n a l  c h a n g e s .  M o s t  o r g a n i s m s  r e l a t e  t h e i r  f u n c t i o n a l  g r o w th  a n d  
b e h a v i o u r  t o  o n e  o r  m o r e  o f  t h e s e  p e r i o d i c  f a c t o r s ,  t h u s  s h o w in g  d a i l y
o r  a n n u a l  p e r i o d i c i t y .
I I  OSCILLATORY BEHAVIOUR; I s  a  v i b r a t i o n  i n  a n  e l e c t r i c a l
c i r c u i t .  I f  t h e  e l e c t r i c a l  e q u i l i b r i u m  o f  a  c i r c u i t  p o s s e s s i n g  s e l f  
i n d u c t a n c e  a n d  c a p a c i t a n c e  i s  d i s t u r b e d  a n  o s c i l l a t i n g  c u r r e n t  m a y , 
u n d e r  c e r t a i n  c o n d i t i o n s ,  b e  p r o d u c e d  i n  t h e  c i r c u i t ,  t h u s  g i v i n g  r i s e  
t o  w h a t  i s  c a l l e d  e l e c t r i c a l  o s c i l l a t i o n s .  T h e p a t t e r n  r e p e a t s  o v e r
-  35 -
a n d  o v e r  a g a i n .  T h i s  c o n c e p t  o f  o s c i l l a t i o n  i s  u s e d  i n  . i o i o g i c a l  
h y th m s  t o  e x p l a i n  t h e  m e c h a n is m  t h r o u g h  w h ic h  r h y th m s  o p e r a t e .
I I I  RELAXATION O SC ILLA TIO N S; T h e fo r m  o f  o s c i l l a t i o n s  w h ic h  a r e  
p a r t i c u l a r l y  d e s c r i b e d  t o  e x p l a i n  r h y th m  m e c h a n is m  i s  t h e  r e l a x a t i o n  
o s c i l l a t i o n .  R e l a x a t i o n  o s c i l l a t i o n s  a r e  o s c i l l a t i o n s  c h a r a c t e r i s e d  b y  
a  s a w - t o o t h e d  t y p e  o f  w a v e f o r m ,  t h e  v i b r a t i n g  s y s t e m  i s  a p p a r e n t l y  
r e l a x i n g  a t  e a c h  p e a k  a n d  r e t u r n i n g  q u i c k l y  t o  t h e  z e r o  p o s i t i o n  fr o m  
w h ic h  t h e  b u i l d  u p  c o m m e n c e s . S u c h  o s c i l l a t i o n s  c a n  o n l y  b e  m a i n t a i n e d  
b y  t h e  e x i s t e n c e  o f  a n  e f f e c t i v e l y  s t e a d y  a p p l i e d  u n i d i r e c t i o n a l  f o r c e .
IV  RHYTHM; R h yth m  i s  a  t e r m  o f  a n c i e n t  G r e e k  o r i g i n  ( r h y t h m o s )
a s s o c i a t e d  p r i m a r i l y  w i t h  m u s i c ,  p o e t r y  a n d  p r o s e .  I t  h a s  b e e n  a p p l i e d  
b y  e x t e n s i o n  o r  m e t a p h o r i c a l l y  t o  b i o l o g i c a l  p h e n o m e n o n  w h e r e  i t  d e n o t e s  
a  r e g u l a r  f l u c t u a t i o n  i n  s o m e t h i n g ,  f o r  i n s t a n c e ,  i n  t h e  p o s i t i o n  o f  a  
l e a f  o r  i n  t h e  r a t e  o f  a  p h y s i o l o g i c a l  p r o c e s s . T h e  i m p o r t a n t  p o i n t  i s  
t h a t  a  r e p e a t i n g  p a t t e r n  i s  d i s c e r n e d  e a s i l y .  H o w e v e r ,  e v e r y  r e p e a t i n g  
p a t t e r n  i s  n o t  a  r h y th m . A r h y th m  i s  s e l f  s u s t a i n i n g .
V CYCLE: C y c l e  i s  t h e  s h o r t e s t  p a r t  o f  a  r h y t h m . I t  i s  o n e
c o m p l e t e  s e t  o f  c h a n g e s  i n  t h e  v a l u e  o f  a  p e r i o d i c  f u n c t i o n  d u r i n g  o n e  
p e r i o d /  o n e  o s c i l l a t i o n .  T h e  t e r m  c y c l e  c o m e s  fr o m  t h e  a n a l o g y ,  w h e r e  
a  c i r c l e  i s  c h a n g i n g  i t s  p o s i t i o n  i n  t i m e ,  y e t  a n y  p o i n t  i n  t h e  r im  i s  
a l w a y s  r e t u r n i n g  t o  c o n t a c t  t h e  g r o u n d ,  t h a t  i s ,  c y c l e  i s  a n y  r e c u r r e n t  
e v e n t  w h ic h  s t a r t s  fr o m  a  p o i n t  o f  o r i g i n  a n d  r e t u r n s  t o  i t .  C y c l e  c o m e s  
fr o m  t h e  b r o a d e r  c o n c e p t  o f  r h y th m s  w h ic h  e n c o m p a s s e s  c y c l e s  o f  v a r i o u s  
f r e q u e n c i e s  a n d  w a v e l e n g t h s . T h i s  t h e s i s  f o r  i n s t a n c e  i s  c o n c e r n e d  w i t h  
b e h a v i o u r a l  r h y th m s  w i t h  c y c l e s  o f  i n f r a d i a n  l e n g t h s .
V I PER IO D ; P e r i o d  i s  t h e  i n t e r v a l  b e t w e e n  t h e  t i m e  i t  t a k e s  t o
c o m p l e t e  a  c y c l e .  P e r i o d  i s  r e f e r r e d  t o  a s  a  v i b r a t i n g  s y s t e m .  I t  i s
t h e  t i m e  o c c u p i e d  i n  o n e  t o  a n d  f r o  m o v e m e n t o f  a  v i b r a t i o n  o r  o s c i l l a t i o n .  
P e r i o d  c o u l d  b e  a n  h o u r ,  a  d a y ,  m i c r o s e c o n d  o r  y e a r .  T h u s  p e r i o d  m ay b e  
t h e  t i m e  t h a t  e l a p s e s  b e t w e e n  t h e  p e a k s  o f  b o d y  t e m p e r a t u r e .  P e r i o d  i s  
r e s p r e s e n t e d  b y  t h e  G r e e k  l e t t e r  t
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V I I  FREQUENCY: T h e  i n v e r s e  o f  t h e  p e r i o d  i s  t h e  f r e q u e n c y ,  t h a t
i s ,  t h e  n u m b er  o f  c o m p l e t e  o s c i l l a t i o n s  o r  c y c l e s  i n  u n i t  t i m e  o f  a  
v i b r a t i n g  s y s t e m ,  u s u a l l y  s t a t e d  a s  v i b r a t i o n s  p e r  s e c o n d  o r  c y c l e s  p e r  
s e c o n d .  C o n v e n t i o n a l  u n i t  o f  f r e q u e n c y  i s  t h e  h e r t z  (H z) w h ic h  i s  o n e  
c o m p l e t e  m o t io n  p e r  s e c o n d .  F o r  i n s t a n c e  b o d y  t e m p e r a t u r e  m ay f l u c t u a t e  
e v e r y  2 4 - h o u r  p e r i o d ,  i t  w o u ld  b e  s a i d  t o  f l u c t u a t e  w i t h  a - f r e q u e n c y  o f  
1 : 2 4 .  W i t h in  t h e  t e m p o r a l  o r g a n i s a t i o n  o f  t h e  o r g a n i s m s  t h e r e  a r e  
c y c l e s  o f  v a r y i n g  f r e q u e n c i e s  r a n g i n g  'f r o m  c y c l e s  p e r  s e c o n d  l i k e  b r a i n  
w a v e  o r  REM t o  c y c l e s  w h ic h  r e p e a t  t h e m s e l v e s  o n c e  a  m o n th  l i k e  
m e n s t r u a l  c y c l e ,  t o  c y c l e s  w h ic h  r e p e a t  t h e m s e l v e s  o n c e  a  y e a r .
V I I I  SUPERIM POSITION OF V IB R A TIO N S: Two o r  m o r e  v i b r a t i o n s  m ay b e
s u p e r i m p o s e d  u p o n  e a c h  o t h e r  t o  g i v e  a  c o m p le x  v i b r a t i o n  w h o s e  
d i s p l a c e m e n t  a t  a n y  i n s t a n t  i s  g i v e n  b y  t h e  su m  o f  t h e  i n s t a n t a n e o u s  
d i s p l a c e m e n t s  o f  t h e  i n d i v i d u a l  v i b r a t i o n s .  T h e  . b i o l o g i c a l  r h y th m  
d o c u m e n t e d  i n  t h i s  t h e s i s  i s  a l s o  c o n s i d e r e d  t o  b e  s u p e r i m p o s e d  b y  
o t h e r  c y c l e s  o f  h i g h e r  f r e q u e n c i e s  w h ic h  r e q u i r e s  t h e  n e e d  f o r  F o u r i e r  
a n a l y s i s  t o  d i s t i n g u i s h  a n d  s e p a r a t e  t h e  t r u e  p e r i o d i c i t y  fr o m  t h e  o t h e r  
v i b r a t i o n s .
IX  N O IS E : T h e  v i b r a t i o n s  w h ic h  a r e  n o t  d e s i r e d  i n  t h e  d a t a  a r e
r e f e r r e d  t o  a s  n o i s e .  I n  t e l e c o m m u n i c a t i o n  e n g i n e e r i n g ,  fr o m  w h e r e  t h e  
t e r m  i s  b o r r o w e d ,  n o i s e  i s  t h e  s p u r i o u s  u n w a n te d  e n e r g y  i n  t h e  t r a n s m i s s i o n  
s y s t e m .  B i o l o g i c a l  r h y th m  d a t a  i s  c o n s i d e r e d  t o  b e  v e r y  n o i s y  d a t a  b e c a u s e  
o f  t h e  n u m b er  o f  f a c t o r s  w h ic h  c a n n o t  b e  c o n t r o l l e d  a n d  b e c a u s e  o f  t h e  
m e a s u r in g  i n s t r u m e n t  o r  s y s t e m  w h ic h  u s u a l l y  c o n t a i n  g r e a t  e r r o r .
X RANDOM N O IS E : N o i s e  w h ic h  i s  d u e  t o  t h e  c o m b in e d  e f f e c t  o f  a
v e r y  l a r g e  s e t  o f  d i s t u r b a n c e s ,  t h e  l a t t e r  o c c u r r i n g  a t  r a n d o m . T h e  
e n e r g y  i s  a l m o s t  u n i f o r m l y  d i s t r i b u t e d  o v e r  a  w id e  a n d  c o n t i n u o u s  
f r e q u e n c y  b a n d .  T h i s  ra n d o m  n o i s e  i s  t h e  m o s t  i m p o r t a n t  c o m p l i c a t i o n s
o f  c y c l e s  i n  t i m e  s e r i e s .  (T im e  s e r i e s  i s  t h e  o b s e r v a t i o n  o n  a  p h e n o m e n o n  
w h ic h  i s  m o v in g  t h r o u g h  t i m e  g e n e r a t i n g  a n  o r d e r e d  s e t . )  O ne w ay  o f  ' 
r e m o v in g  ra n d o m  d i s t u r b a n c e s  fr o m  t i m e  s e r i e s  i s  s m o o t h in g  o f  t h e  d a t a ,  
t h e  m e th o d  e m p lo y e d  i n  t h e  p r e s e n t  t h e s i s .
-  37 -
X I PH ASE: P h a s e  i s  t h e  f r a c t i o n  o f  t h e  w h o le  p e r i o d - w h i c h  h a s
e l a p s e d ,  m e a s u r e d  fr o m  so m e  f i x e d  d a tu m . P a r t i c l e s  w h ic h  a r e  i n  p e r i o d i c  
m o t io n  d u e  t o  t h e  p a s s a g e  o f  a  w a v e  a r e  s a i d  t o  b e  i n  t h e  sa m e  p h a s e  o f
a  v i b r a t i o n  i f  t h e y  a r e  m o v in g  i n  t h e  sa m e  d i r e c t i o n  w i t h  t h e  sa m e  r e l a t i v e  
d i s p l a c e m e n t .  P h a s e  d e s c r i b e s  t h e  t i m e  l o c a t i o n  o f  so m e  p a r t  o f  t h e  3 6 0 °  
c y c l e ,  u s u a l l y  t h e  p e a k  o r  t h e  t r o u g h  o f  t h e  c y c l e  o r  t h e  p o i n t  w h e r e  t h e  
v a l u e  r i s e s  p a s t  t h e  m ean  w i t h  r e f e r e n c e  t o  so m e  e x t e r n a l  p o i n t .  I n  
b i o l o g i c a l  r h y th m  r e s e a r c h ,  t h e  t e r m  p h a s e  i s  e m p lo y e d  t o  d e s c r i b e  w h e r e  
t h e  c y c l e  i s  r e l a t i v e  t o  so m e  o t h e r  t i m e  b a s i s ,  s a y  s i d e  r e a l  o r  s o l a r  
t i m e ,  tw o  r h y th m s  m ay b e  s a i d  t o  b e  o u t  o f  p h a s e  w h e n  t h e i r  m a x im a  d o  
n o t  c o i n c i d e .
X I I  SIN U SO ID A L : S i n u s o i d a l  i s  a  q u a l i f y i n g  te r m  a p p l i e d  t o  a
p e r i o d i c  q u a n t i t y  h a v i n g  a  w a v e  fo r m  (w a v e  fo r m  i s  t h e  s h a p e  o f  a  g r a p h  
o b t a i n e d  b y  p l o t t i n g  i n s t a n t a n e o u s  v a l u e s  o f  t h e  q u a n t i t i e s  a g a i n s t  t i m e )  
w h ic h  i s  t h e  sa m e a s  t h a t  o f  t h e  s i n e  f u n c t i o n .  I t  i s  o n l y  t h e  s h a p e  o f  
t h e  g r a p h  w h ic h  i s  s i g n i f i c a n t .  T h e  f u n c t i o n  i n v e s t i g a t e d  i n  t h e  p r e s e n t  
s t u d y ,  t h o u g h  a s s u m e d  t o  b e  p e r i o d i c  i s  n o t  a  s i n e  w a v e  b u t  b y  m e a n s  o f  
t h e  F o u r i e r  t h e o r e m  h a s  b e e n  d e c o m p o s e d  i n t o  c o n s t i t u e n t  s i n e  a n d  c o s i n e  
w a v e .  ( F o u r i e r  t h e o r e m  s t a t e s  t h a t  " a n y  p e r i o d i c  f u n c t i o n  w i t h  P e r i o d  
m ay b e  s p l i t  u p  i n t o  c o n s t i t u e n t  s i n e  w a v e  o f  f r e q u e n c i e s  l / i ,  2 / t , 3 / x ,
X I I I  PHASE DISPLACEMENT: I s  t h e  d i f f e r e n c e  o f  p h a s e  b e t w e e n  tw o
s i n u s o i d a l  q u a l i t i e s  w h ic h  h a v e  t h e  sa m e  f r e q u e n c y .  I t  m ay b e  e x p r e s s e d  
a s  a  t i m e  o r  a s  an  a n g l e .  A p h a s e  s h i f t  i n  t h e  o r g a n i s m  i s  p r o d u c e d  w h en  
t h e r e  i s  t e m p o r a r y  s p e e d i n g  o r  s l o w i n g  o f  t h e  r h y t h m . A s i n g l e  l i g h t  
p u l s e  h a s  b e e n  sh o w n  t o  c a u s e  p h a s e  d i s p l a c e m e n t  d o e s  n o t  a l t e r  t h e  b a s i c  
c h a r a c t e r s  o f  t h e  o s c i l l a t i o n s .  P h a s e  s h i f t s  c a n  o c c u r  i n  e i t h e r  
d i r e c t i o n  a n d  i n  a n y  a m o u n t d e p e n d i n g  u p o n  t h e  t y p e  o f  f o r c e  a p p l i e d  a n d  
a t  w h a t  p h a s e  i n  t h e  c y c l e  i t  i s  a p p l i e d .
X IV  AMPLITUDE: T h e  a m p l i t u d e  i n  s t r i c t  m a t h e m a t i c a l  u s a g e  i s  t h e
d i s t a n c e  fr o m  t r o u g h  t o  p e a k .  T h e  a m p l i t u d e  m e a s u r e s  t h e  a m o u n t  o f  
c o n t r i b u t i o n  o f  e a c h  s i n e  c o m p o n e n t ,  i t s  s t r e n g t h  o r  i t s  p o w e r .  I n  t h i s
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s t u d y  t h e  a m p l i t u d e  i s  p l o t t e d  m a i n l y  o n  t h e  g r o u n d s  t h a t  t h é  s i z e  o f  
t h e  i n d i v i d u a l  F o u r i e r  c o m p o n e n t  s h o u l d  b e  t h e  f i r s t  f o c u s  o f  i n t e r e s t  
s i n c e  s m a l l  a m p l i t u d e  c o m p o n e n t s  c o n t r i b u t e  l i t t l e  t o  t h e  o v e r a l l  
s i g n a l .
XV .• ENTRAINMENT: W h ere  t h e  f r e q u e n c y  o f  t h e  r h y th m  m ay b e
f o r c e d  t o  m a tc h  t h a t  o f  so m e  e x t e r n a l  o s c i l l a t i o n .  I n  t h e  s t r i c t  
p h y s i c a l  s e n s e  i t  i s  a  c o n d i t i o n  w h ic h  i s  o b t a i n e d  w h e n  tw o  o r  m o re  
a . c .  m a c h i n e s  o r  s o u r c e s  o f  a . c .  s u p p l i e s  h a v e  e x a c t l y  t h e  sa m e  
f r e q u e n c y  a n d  a r e  i n  p h a s e .  T h e c o n d i t i o n  i s  a l s o  r e f e r r e d  t o  a s  
s y n c h r o n i s a t i o n ,  f o r  i n s t a n c e ,  c i r c a d i a n  r h y th m s  a r e  s y n c h r o n i s e d  
( e n t r a i n e d  t o  a  p e r i o d  o f  2 4  h o u r s )  b y  p e r i o d i c  v a r i a b l e s  i n  t h e  f i e l d .
O f t h e  p e r i o d i c  e n v i r o n m e n t a l  v a r i a b l e s  c a p a b l e  o f  e n t r a i n i n g  c i r c a d i a n  
r h y th m , t h e  m o s t  i m p o r t a n t  o n e  i s  t h e  l i g h t  s i g n a l .  I n  t h i s  c a s e  l i g h t  
w o u ld  b e  r e f e r r e d  t o  a s  a  z e i t g e b e r  , a  t e r m  c o i n e d  b y  A s c h o f f  m e a n in g  
a  c l u e  g i v e r .  I n  t h e  c a s e  o f  hum an b e i n g s  l i g h t  i s  n o t  a s  i m p o r t a n t
a  z e i t g e b e r  a s  t h e  s o c i a l  f a c t o r s ,  b e c a u s e  hum an b e i n g s  c o n t r o l  t h e i r  
e n v ir o n m e n t  t o  a  g r e a t e r  e x t e n t  t h a n  o t h e r  m a m m a ls .
XVI FREE RUNNING RHYTHMS: A r h y th m  w h ic h  i s  n o t  e n t r a i n e d  t o
a n y  z e i t g e b e r  w h ic h  i s  s e l f  s u s t a i n i n g  a n d  t h e r e f o r e  d i s p l a y s  
s p o n t a n e o u s  r h y th m s  u n d e r  c o n s t a n t  c o n d i t i o n s  i s  r e f e r r e d  t o  a s  f r e e  
r u n n i n g  r h y th m . T h i s  s t a t e  o f  t h e  b i o l o g i c a l  s y s t e m  i s  a n a l o g o u s  t o  
t h e  p h y s i c a l  o s c i l l a t o r  w h e n  t h e r e  w e r e  n o  e x t e r n a l  f o r c e s  a p p l i e d .
M o s t  i n v e s t i g a t o r s  u s e  t h e  t e r m  p e r s i s t e n t  r h y th m  f o r  f r e e  r u n n in g  
r h y th m s  t h a t  c o n t i n u e  i n  a  c o n s t a n t  e n v i r o n m e n t .  T h e  f r e e  r u n n in g  
r h y th m s  r e f l e c t  t h e  u n d e r l y i n g  n a t u r a l  r h y th m s  o f  t h e  o r g a n i s m .  Am ong  
t h e s e  s e l f  r e g u l a t i n g  p e r i o d i c i t i e s  t h e r e  a r e  s h o r t  p e r i o d  s e x u a l  c y c l e s ,  
a c t i o n  p o t e n t i a l s ,  a c t i v i t y  r h y th m s  d e p e n d in g  o n  h u n g e r  a n d  m u s c l e  r h y th m  
s u c h  a s  h e a r t  r a t e .
X V II  CIRCADIAN RHYTHM: T h e  t e r m  w a s  i n t r o d u c e d  b y  H a l b e r g  ( 1 9 5 9 )
fr o m  t h e  L a t i n  c i r c a  d i e s  ( a b o u t  a  d a y ) . T h e c i r c a d i a n  a r e  t h o s e  f r e e  
r u n n in g  r h y th m s  w h ic h  d o  n o t  d i f f e r  fr o m  2 4 - h o u r  b y  m o re  t h a n  a n  h o u r  
o n  e i t h e r  s i d e .  T h e  m o s t  c o m m o n ly  r e c o g n i s e d  e x a m p le  o f  a  c i r c a d i a n
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r h y th m  i n  m en i s  t h e  r e c u r r e n t  p h e n o m e n o n  o f  n o c t u r n a l  s , l e e p . '  O t h e r  
hum an c i r c a d i a n  r h y th m s  w h ic h  h a v e  b e e n  c l e a r l y  d e m o n s t r a t e d  a r e  t h o s e  
o f  f l u c t u a t i o n  i n  t h e  b l o o d  e o s i n o p h i l  c o u n t ,  t h e  s e r u m  i r o n  c o n t e n t ,  
o f  u r i n e  p r o d u c t i o n  a n d  o f  t h e  u r i n a r y  e x c r e t i o n  o f  e l e c t r o l y t e s .  T h e  
b i o c h e m i c a l  m e c h a n is m s  o f  t h e s e  r h y th m s  a r e  s t i l l  u n k n o w n . T h e  m any  
r h y t h m ic  f a c t o r s  w h ic h  h a v e  b e e n  m e a s u r e d  a p p e a r  t o  b e  e x p r e s s i o n s  o f  
t h e  u n d e r l y i n g  t i m i n g  p r o c e s s  w i t h o u t  b e i n g  d i r e c t l y  i n v o l v e d  i n  t h e  
d e t e r m i n a t i o n  o f  t h e  p e r i o d  l e n g t h .  T h i s  t w e n t y  f o u r  h o u r  c i r c a d i a n  
r h y th m  i s  a l s o  r e f e r r e d  t o  a s  d a i l y ,  s o l a r  o r  d i u r n a l  r h y t h m . T h o u g h  
i n  t h i s  t h e s i s  t h e  2 4 - h o u r  r h y th m  i s  o n l y  r e f e r r e d  t o  a s  c i r c a d i a n  o r  
d a i l y  r h y th m , t h e  t e r m  d i u r n a l  b e i n g  s l i g h t l y  c o n f u s i n g ,  b e c a u s e  i t  i s  
a l s o  u s e d  t o  d i s t i n g u i s h  d a y  fr o m  n i g h t .
X V I I I  CIRCASEPTAN RHYTHMS : C i r c a s e p t a n  r h y th m s  a r e  lo w  f r e q u e n c y  
r h y th m s  w i t h  a  p e r i o d  o f  s e v e n  d a y s .  'They a r e  a l s o  r e f e r r e d  t o  a s  
w e e k l y  r h y t h m s .  T h e s e  a r e  g e n e r a t e d  i n  hum an b e i n g s  b y  s o c i a l  f a c t o r s .  
T h e  c i r c a s e p t a n  r h y th m s  c a n  b e  e i t h e r  c o n s i d e r e d  a s  s o c i o e c o n o m i c a l  o r  
a s  o c c u p a t i o n a l  r h y t h m s .  T h e s e  r h y th m s  a r e  n o t  a s  w i d e l y  d o c u m e n t e d
a s  t h e  c i r c a d i a n  r h y t h m s .
XIX CIRCATRIGINTAN RHYTHMS: C i r c a t r i g i n t a n  r h y th m s  o r  t h e
m o n t h ly  r h y th m s  a r e  d e t e r m i n e d  b y  t h e  r o t a t i o n  o f  t h e  m oon a r o u n d  t h e  
e a r t h  a v e r a g i n g  2 9 . 5  d a y s  o r / a n d  r o t a t i o n  o f  t h e  s u n  a r o u n d  i t s  a x i s
h
w i t h  p e r i o d  fr o m  2 5  t o  3 3  d a y s  a c c o r d i n g  t o  s o l a r  l a t i t u d e s .  T h e  b e s t  
e x a m p le  o f  t h e  hum an m o n t h ly  r h y th m  i s  t h e  m e n s t r u a l  r h y th m s  ( m e n s t r u a l  
p e r i o d  h a s  a  m ean  o f  2 9 . 5  d a y s ,  t h o u g h  t h e r e  a r e  w id e  i n d i v i d u a l  
v a r i a t i o n s ) .
XX CIRCANNUAL RHYTHMS : A s e a s o n a l  r h y th m  w i t h  a  p e r i o d  o f
3 6 5 . 2 5  d a y s ,  r e s u l t i n g  fr o m  t h e  E a r t h ’ s  r o t a t i o n  a r o u n d  t h e  s u n .  T h e  
a n n u a l  o r  s e a s o n a l  r h y th m s  a r e  e v i d e n t  i n  s u c h  p h e n o m e n o n  a s  b i r t h  
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CHAPTER 3
P a g e
-  4J0 -
A lt h o u g h  t h i s  i s  n o t  a  c o m p l e t e l y  c o m p r e h e n s iv e  p r e s e n t a t i o n ' o f  t h e  
c o n c e p t s  e n c o u n t e r e d  i n  t h e  s c i e n c e  o f  b i o l o g i c a l  r h y t h m ,  ‘ a n  a t t e m p t  
h a s  b e e n  m ade t o  c o v e r  m o s t  o f  t h e  c o n c e p t s  a n d  t e r m i n o l o g y  w h ic h  o n e  
w o u ld  com e a c r o s s  i n  t h i s  t h e s i s .
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3 . 1  AIMS AND OBJECTIVES
T h e  r e v i e w  o f  t h e  l i t e r a t u r e  c l e a r l y  i n d i c a t e s  t h e  v a r i a b i l i t y  o f  hum an  
b e h a v i o u r  a t  d i f f e r e n t  t i m e  p o i n t s .  T h e  e v i d e n c e  c i t e d  h a s  a l s o  
e m p h a s i s e d  t h e  c o m p l e x i t y  o f  t h e  p r o b le m  a n d  t h e  n e e d  f o r  m o re  
i n f o r m a t i o n .
R h y th m s h a v e  b e e n  sh o w n  t o  c o v e r  a  b r o a d  s p e c t r u m  r a n g i n g  fr o m  c y c l e s  
p e r  s e c o n d  t o  c y c l e s  p e r  y e a r .  M o s t  o f  t h e  p h y s i o l o g i c a l  a n d  b e h a v i o u r a l  
v a r i a b l e s ,  a m e n a b le  t o  m e a s u r e m e n t ,  h a v e  b e e n  sh o w n  t o  d i s p l a y  r h y t h m ic  
v a r i a t i o n .  T h o u g h  t h e  f r e q u e n c y  w h ic h  h a s  r e c e i v e d  t h e  g r e a t e s t  a t t e n t i o n  
i s  t h e  o n e  w i t h  2 4 - h o u r  p e r i o d  ( i . e .  c i r c a d i a n  r h y th m ) , t h e r e  i s  a  
d e s p e r a t e  n e e d  f o r  p r e c i s e  i n f o r m a t i o n  o n  t h e  s l o w  m o v in g  i n f r a d i a n  
f r e q u e n c y ,  w h ic h  i s  o n l y  r o u g h l y  o u t l i n e d .
R h y th m s o f  i n f r a d i a n  f r e q u e n c y  h a v e  b e e n  d e m o n s t r a t e d  i n  m e n s t r u a t i o n  
a n d  t h e  e x c r e t i o n  o f  1 7 - k e t o s t e r i o d  a n d  n o r e p i n e p h r i n e .  H o w e v e r ,  v e r y  
l i t t l e  w o r k  h a s  b e e n  r e p o r t e d  c o n c e r n i n g  t h e  i n f r a d i a n  r h y th m  a n d  p h y s i c a l  
a n d  p s y c h o l o g i c a l  p e r f o r m a n c e .
P s y c h i a t r i c  p a t i e n t s  h a v e  b e e n  sh o w n  t o  s u f f e r  fr o m  a t t a c k s  o f  m e n t a l  
d i s o r d e r  a t  p e r i o d i c  i n t e r v a l s  ( R i c h t e r  1 9 6 5 ;  G j e s s i n g  1 9 6 1 ) .  T h e  
e v i d e n c e  d o e s  n o t  i n d i c a t e ,  h o w e v e r ,  w h e t h e r  t h e  p e r i o d i c  d i s t u r b a n c e  
i s  d u e  t o  d e s y n c h r o n i s a t i o n  o f  n o r m a l  r h y t h m s .
T h e  p r e s e n t  i n v e s t i g a t i o n  i s  a  p r e l i m i n a r y  a t t e m p t  t o  e x p l o r e  t h e  
p o s s i b i l i t y  o f  t h e  e x i s t e n c e  o f  i n f r a d i a n  r h y th m s  i n  p s y c h i a t r i c  p a t i e n t s  
a n d  'n o r m a l '  i n d i v i d u a l s .  T h e  a s s e s s m e n t  i s  m ade t h r o u g h  a  b a t t e r y  o f  
p h y s i o l o g i c  a n d  p s y c h o l o g i c  m e a s u r e m e n t s ; i n  p a r a m e t e r s  s u c h  a s  m o o d , 
p h y s i c a l  h e a l t h  a n d  p e r f o r m a n c e .
I t  m u s t  b e  e m p h a s i s e d  a t  t h e  o u t s e t  t h a t  t h i s  r e s e a r c h  i s  o n l y  a
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t e r m  r h y t h m s .
T h e  s e a r c h  a t t e m p t e d  t o  a n s w e r  t h e  f o l l o w i n g  q u e r i e s :
1 Do t h e  i n d i v i d u a l s  e x h i b i t  l o n g  t e r m ,  p r e d i c t a b l e  t e m p o r a l  p a t t e r n s
i n  p e r f o r m a n c e ,  m ood  a n d  p h y s i c a l  h e a l t h ?
2 I f  s o ,  t h e n  w o u ld  t h e r e  b e  a  d i f f e r e n c e  i n  t h e  p e r i o d  l e n g t h s  o f
t h e  r h y th m s  o f  p s y c h i a t r i c  p a t i e n t s  a n d  h e a l t h y  i n d i v i d u a l s ?
3 W ou ld  t h e r e  b e  a n y  d i f f e r e n c e  d u e  t o  a g e  o r  s e x ?
4  I s  t h e r e  a n y  t e m p o r a l  r e l a t i o n s h i p  b e t w e e n  t h e  d i f f e r e n t  p h y s i o l o g i c
a n d  p s y c h o l o g i c a l  v a r i a b l e s ?
t e n t a t i v e  a t t e m p t  t o  e x p l o r e  t h e  e x i s t e n c e  a n d  t h e  p r o p e r t i e s  o f  t h e  lo n g
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3 . 2  METHODOLOGIC CONSIDERATIONS
T h e  p r e s e n t  i n v e s t i g a t i o n  i s  c o n c e r n e d  w i t h  t h e  d e t e c t i o n  o f  so m e  l o n g  
t e r m  r h y t h m ic  c o m p o n e n t s  i n  p a r a m e t e r s ,  s u c h  a s  m o o d , p h y s i c a l  h e a l t h  
a n d  p e r f o r m a n c e .  T h e r e  a r e  s e v e r a l  i m p o r t a n t  m e t h o d o l o g i c  c o n s i d e r a t i o n s  
i n  s u c h  a  s t u d y /  o f  f u n d a m e n t a l  i m p o r t a n c e  i s  t h e  m e t h o d  a d o p t e d  t o  
r e c o r d  t h e  r h y th m  i t s e l f ,  w h ic h  e n t a i l s :
s e l e c t i o n  o f  a n  a p p r o p r i a t e  s a m p le  
v a r i a b l e s  s e n s i t i v e  e n o u g h  t o  d e t e c t  c h a n g e s  
c h o i c e  o f  s a m p l i n g  i n t e r v a l  a n d  l e n g t h  o f  s t u d y .
T h e s e  c o m p o s i t e  f a c t o r s  n e e d  t o  b e  c o n s i d e r e d  w i t h  g r e a t  c a u t i o n ,  s i n c e  
l a c k  o f  c o n t r o l  o v e r  a n y  o f  th e m  m ay r e s u l t  i n  e r r o n e o u s  f r e q u e n c y  d a t a  
d u e  t o  i n t e r f e r e n c e  p h e n o m e n a . ;
T h e  s e c o n d  i m p o r t a n t  c o n s i d e r a t i o n  i s  t h e  p r e s e n t a t i o n  o f  t h e  r e c o r d e d  
i n f o r m a t i o n .  T h e s i m p l e s t  w a y  o f  d o i n g  t h i s  i s  t h e  g r a p h i c a l  fo r m . I n  
t h e  o r d i n a r y  v a r i a t e  t i m e  g r a p h ,  t h e  m e a s u r e m e n t  v a l u e s  o b t a i n e d  a r e  
p l o t t e d  o n  t h e  Y - a x i s , a g a i n s t  t h e  t i m e  o f  m e a s u r e m e n t  o n  t h e  X - a x i s . ‘ 
B u t  c l e a r l y  a n a l y s i s  o f  ' b i o l o g i c a l  r h y t h m 1 d a t a  b y  m e r e  i n s p e c t i o n  
c o u l d  b e  e r r o n e o u s  a n d  e v e n  m i s l e a d i n g .  M a in l y ,  b e c a u s e  t h e  d a t a  i s  
c o n s i d e r e d  t o  b e  v e r y  " n o is y "  ( i . e .  h a s  e x c e s s i v e  i r r e l e v a n t  i n f o r m a t i o n )  
d u e  t o  u n c o n t r o l l e d  f a c t o r s  a n d  p h y s i c a l  l i m i t a t i o n s  o f  t h e  m e a s u r in g  
i n s t r u m e n t s .  T h e r e f o r e ,  i n  o r d e r  t o  m i n i m i s e  n o i s e  a n d  t o  a c h i e v e  
m axim um  p o s s i b l e  i n f o r m a t i o n ,  s p e c i a l  m a t h e m a t i c a l  a n d  s t a t i s t i c a l  
t e c h n i q u e s  a r e  r e q u i r e d .
T h e  f i n a l  i m p o r t a n t  c o n s i d e r a t i o n  i s  t h e  p s y c h o l o g i c a l  i n t e r p r e t a t i o n  
o f  t h e  r h y t h m ic  p h e n o m e n a .
T h i s  s e c t i o n  i s  c o n c e r n e d  w i t h  t h e  f i r s t  tw o  c o n s i d e r a t i o n s ,  t h e  t h i r d  
r e q u i r e m e n t  w i l l  b e  t a k e n  u p  i n  l a t e r  c h a p t e r s .
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3 . 2 . 1 RECORDING OF RHYTHMS
3 . 2 . 1 . 1  SAMPLE V  _
T h e  p r e s e n t  s a m p le  c o m p r i s e s  t h r e e  g r o u p s  o f  s u b j e c t s .  G ro u p  I  
c o n s i s t e d  o f  p s y c h i a t r i c  p a t i e n t s  ( t e s t e d  e v e r y  d a y  i n  t h e  w a r d s  b y  
t h e  a u t h o r )  a n d  G ro u p  I I  a n d  I I I  o f  m e n t a l l y  a n d  p h y s i c a l l y  h e a l t h y  
v o l u n t e e r s  ( w i t h  a  f e w  e x c e p t i o n s  a l l  o f  t h e s e  s u b j e c t s  w e r e  t e s t e d  
i n  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s ) . T im e  l e n g t h s  v a r y i n g  fr o m  a  
m in im u m  o f  3 5  d a y s  t o  1 2 0  d a y s ,  w i t h  d a i l y  t e s t i n g .
T h e  r a t i o n a l e  o f  c o m p a r in g  a  n o r m a l  s a m p le  w i t h  t h e  p s y c h i a t r i c  p a t i e n t s  
i s  t h a t ,  b e c a u s e  o f  t h e  f u n c t i o n a l  n a t u r e  o f  b i o l o g i c a l  r h y t h m s ,  t h e s e  
m i g h t  b e  t h e  f i r s t  b o d y  m e c h a n is m  t o  b e  a f f e c t e d  i n  d i s e a s e  a n d ,  
t h e r e f o r e ,  m i g h t  s h o w  c h a n g e s  i n  f r e q u e n c y  a n d  a m p l i t u d e .  T h a t  i s ,  t h e  
c l u e  t o  t h e  a b n o r m a l  b e h a v i o u r  p a t t e r n  i n  t h e  p s y c h i a t r i c  p a t i e n t s  m i g h t  
l i e  i n  t h e  t e m p o r a l  d i s o r g a n i s a t i o n .  A s S a m is  ( 1 9 6 8 )  h a s  p o i n t e d  o u t ,  
t e m p o r a l  o r g a n i s a t i o n  i s  a  d i m e n s i o n  f r o m  w h ic h  d i s o r d e r  m ay b e  a f f e c t e d  
a n d  i n  w h ic h  i t  m u s t  a c c u m u l a t e .
GROUP I
G ro u p  I  c o n s i s t e d  o f  i n - p a t i e n t s  f r o m  p s y c h i a t r i c  w a r d s  o f  B r o o k w o o d  
H o s p i t a l .  I n  t h e  s e l e c t i o n  o f  p a t i e n t s  c a r e  w a s  t a k e n  t o  i n c l u d e  o n l y  
t h o s e  w ho f u l f i l l e d  t h e  f o l l o w i n g  b a s i c  c r i t e r i a :
( i )  O n ly  t h o s e  p a t i e n t s  f o r  whom  a  d i a g n o s i s  o f  s c h i z o p h r e n i c  o r
d e p r e s s i v e  ( u n i p o l a r / b i p o l a r )  p s y c h o s e s  c o u l d  r e a d i l y  b e  
m ad e ( T a b l e  I ) . C r i t e r i o n  f o r  s e l e c t i o n  c o n s i s t e d  o f  a  
d i a g n o s i s  o f  s c h i z o p h r e n i a  o r  d e p r e s s i o n  b y  t h e  H o s p i t a l ,  
a s s e s s e d  f r o m  t h e  c a s e  n o t e s .  T h e r e  w e r e  tw o  m a in  r e a s o n s  
f o r  r e s t r i c t i n g  t h e  s a m p le  i n  t h i s  g r o u p  t o  s c h i z o p h r e n i c s  
a n d  d e p r e s s i v e  p s y c h o s e s .  F i r s t l y ,  f o r  t h e  s a k e  o f  
k e e p i n g  i n t e r d i a g n o s t i c  v a r i a b i l i t y  t o  a  m in im u m . S e c o n d l y ,  
t o  k e e p  t h e  a s s e s s m e n t  l e s s  c o m p l i c a t e d  i n  t h e  l i m i t e d  
s a m p le  a n d  t i m e  a v a i l a b l e .
TABLE I  C l a s s i f i c a t i o n  o f  P a t i e n t s  a c c o r d i n g  t o  P s y c h i a t r i c  
D i a g n o s i s
S c h i z o p h r e n i a D e p r e s s i o n M a n i c - D e p r e s s i o n T o t a l
M a le 2 2  , 4 1 • 2 7
F e m a le 12 5 3 20
T o t a l 3 4 : 9 4 4 7
P a t i e n t s  i n  whom sy m p to m s  w e r e  i n d e p e n d e n t  o f  o r g a n i c  a n d  
n e u r o l o g i c a l  p a t h o l o g y .  T h e  l a t t e r  m ay a c t  a s  a n  i n t e r f e r e n c e  
p h e n o m e n o n  i n  t h e  d e t e c t i o n  o f  t h e  p e r i o d i c  c o m p o n e n t s .  S i n c e  
t h e  e x a c t  l o c a t i o n  o f  t h e  ' B i o l o g i c a l  C l o c k '  i s  n o t  k n o w n ,  
w h a t e v e r  c h a n g e s  m ay b e  r e c o r d e d  m i g h t  b e  d i f f e r e n t  f o r  p a t i e n t s  
w i t h  a n d  w i t h o u t  n e u r o l o g i c a l  p a t h o l o g y .
T h o s e  w ho w e r e  l o n g  s t a y  p a t i e n t s .  T h i s  w a s  n e c e s s a r y  b e c a u s e  
o f  t h e  l e n g t h  o f  t e s t i n g  i n v o l v e d ;  t h e  p a t i e n t s  w e r e  r e q u i r e d  t o  
b e  t e s t e d  f o r  a t  l e a s t  f o r t y  d a y s .  T h e r e  w e r e  o n l y  l o n g  s t a y  
p a t i e n t s  w h o  c o u l d  b e  g u a r a n t e e d  t o  b e  i n  t h e  w a r d s  f o r  t h a t  
l e n g t h  o f  t i m e ,  w e r e  I n c l u d e d  i n  t h e  t r i a l .
A l l  p a t i e n t s  w h o  w e r e  o n  c o n s t a n t  m e d i c a t i o n .  T h e  s u d d e n  c h a n g e  
o f  t r e a t m e n t  r e g im e n  m ay i n t e r f e r e  w i t h  t h e  a m p l i t u d e  o r  
f r e q u e n c y  o f  r h y t h m s .  W h at m ay l a t e r  b e  m i s i n t e r p r e t e d  a s  a  
s p e c i f i c  p e r i o d i c  c o m p o n e n t ,  c o u l d  b e  a  s u p e r f i c i a l  r e s u l t  o f  
c h a n g e  i n  m e d i c a t i o n .
P a t i e n t s  w ho w e r e  a t  l e a s t  o f  a v e r a g e  i n t e l l i g e n c e .  T h i s  
c r i t e r i o n  w a s  i n c l u d e d  t o  e n s u r e  t h a t  t h e  p a t i e n t s  w o u ld  b e  a b l e  
t o  p e r f o r m  t h e  W ord C a n c e l l a t i o n  t e s t ,  r e q u i r e d  f o r  t h e  
a s s e s s m e n t  o f  p e r f o r m a n c e  r h y t h m .
P a t i e n t s  w ho w e r e  j u d g e d  t o  b e  f u l l y  c o - o p e r a t i v e .  T h e  t e s t i n g
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s c h e d u l e  l a i d  r i g i d  d e m a n d s  o n  t h e  s u b j e c t s .  I t  w a s  i m p o r t a n t ,  
t h e r e f o r e ,  t o  a s c e r t a i n  b e f o r e h a n d  t h a t  t h e  p a t i e n t s  w o u ld  b e  
w i l l i n g  t o  c o - o p e r a t e  t h r o u g h o u t  t h e  p e r i o d  o f  t e s t i n g .
( v i i )  P a t i e n t s ,  f a l l i n g  i n  a n y  d e c a d e  o f  l i f e  fr o m  2 0 - 6 0  y e a r s  o f  a g e ,  
s o  t h a t  a n y  a g e - t e m p o r a l  r e l a t i o n s h i p  o r  i n t e r a c t i o n  m ay n o t  g o  
u n n o t i c e d .
F o r t y  e i g h t  s u b j e c t s  w h o  f u l f i l l e d  t h e  c r i t e r i a  w e r e  s e l e c t e d .  O f t h e s e ,  
t w e n t y  w e r e  f e m a l e  p a t i e n t s  a n d  t w e n t y  s e v e n  w e r e  m a le  ( s e e  T a b le  I I ) .
TABLE I I  S e x  a n d  A ge  o f  P a t i e n t s
A g e  ( Y e a r s )
T o t a l
2 0 - 3 0 3 1 - 4 0 4 1 - 5 0 5 1 - 6 0
M a le 4 4 ’ 9 10 2 7
F e m a le 4 4 6 6 20
T o t a l 8 8 15 16 4 7
A t  l e a s t  f i v e  s u b j e c t s  w e r e  s e l e c t e d  fr o m  e a c h  d e c a d e  o f  2 0 - 3 0 ,  3 1 - 4 0 ,  
4 1 - 5 0  a n d  5 1 - 6 0  y e a r s .  A l l  t h o s e  o v e r  s i x t y  y e a r s  o f  a g e  w e r e  e x c l u d e d ,  
b e c a u s e  i t  w a s  b e l i e v e d  t h a t  t h e y  w o u ld  h a v e  p r o b le m s  o v e r  a n d  a b o v e  
t h a t  o f  s c h i z o p h r e n i a  a n d  a f f e c t i v e  d i s o r d e r s .
A l l  t h e  p a t i e n t s  w e r e  o n  i n d i v i d u a l l y  p r e s c r i b e d  d o s e s  o f  a n t i p s y c h o t i c  
d r u g s  ( T a b le  I I I ) . T h e y  w e r e  f r e e  o f  a n y  a p p a r e n t  b r a i n  d a m a g e  a n d  h a d  
n o  h i s t o r y  o f  a l c o h o l i s m .  M o s t  o f ,  t h e  p a t i e n t s  w e r e  w o r k in g  i n  t h e  
r e h a b i l i t a t i o n  c e n t r e s .  T h e  f l o r i d  sy m p to m s  o f  t h e  o r i g i n a l  i l l n e s s  h a d  
i n v a r i a b l y  com e u n d e r  c o n t r o l  a t  t h e  t i m e  o f  t e s t i n g ,  t h o u g h  t h e  
m a j o r i t y  o f  t h e  p a t i e n t s  s t i l l  s h o w e d  r e s i d u a l  s y m p to m s . O ne o f  t h e  
m a n i c - d e p r e s s i v e  p a t i e n t s  w a s  g o i n g  t h r o u g h  t h e  m a n ic  p h a s e  w h i l e  u n d e r  
s t u d y .  '
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Tabla III Individually Praacrlbad Doaaa (in ioga) of Antipsychotic Drug Traataant
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REDUCTIONS IN  SAMPLE
D e s p i t e  t h e  c a r e f u l  s e l e c t i o n  o f  s a m p le  i t  w a s  f o u n d  n e c e s s a r y  t o  
e x c l u d e  f o u r  p a t i e n t s  d u r i n g  t h e  f i r s t  f e w  w e e k s  o f  t e s t i n g .  One o f  t h e  
m a le  d e p r e s s i v e  p a t i e n t s  r e f u s e d  t o  v o l u n t e e r  a f t e r  t h e  s e c o n d  w e e k .
Two o f  t h e  f e m a l e  s c h i z o p h r e n i c  p a t i e n t s  u n d e r w e n t  a  c h a n g e  i n  
a n t i p s y c h o t i c  d r u g  t r e a t m e n t ,  t h u s  b e i n g  u n a b l e  t o  f u l f i l l  c r i t e r i o n  
n u m b er  ( i v ) . One o f  t h e  m a le  d e p r e s s i v e  p a t i e n t s  u n d e r w e n t  E l e c t r o  
C o n v u l s i v e  T h e r a p y  f o r  s e v e r e  d e p r e s s i o n .
FURTHER REDUCTIONS
D a t a  o f  tw o  f u r t h e r  f e m a l e  s c h i z o p h r e n i c  p a t i e n t s  w a s  d i s c a r d e d  a f t e r  
t h e  s t u d y  w a s  c o n c l u d e d ,  d u e  t o  l a r g e  g a p s  i n  t h e  s e r i e s  w h ic h  r e n d e r e d  
t h e  i n f o r m a t i o n  m e a n i n g l e s s .
T h u s  o f  t h e  t o t a l  f o r t y  s e v e n  w h o  w e r e  s e l e c t e d ,  o n l y  f o r t y  o n e  
p a t i e n t s  r e m a in e d  f o r  f i n a l  a n a l y s i s  ( T a b le  I V ) .
TABLE IV  R e d u c t i o n s  i n  S a m p le
M a in  S a m p le R e d u c t i o n s T o t a l
M a le 2 7 2 2 5
F e m a le 2 0 4 16
T o t a l 4 7 6 41
GROUP I I
T h e s e c o n d  g r o u p  c o m p r i s e d  p h y s i c a l l y  a n d  m e n t a l l y  h e a l t h y  s u b j e c t s  w ho  
m e t  t h e  f o l l o w i n g  c r i t e r i a :
( i )  I n d i v i d u a l s  w ho h a d  n o  p r e v i o u s  p s y c h i a t r i c  h i s t o r y .  I n
o r d e r  t o  d e f i n e  n o r m a l i t y ,  s t u d y  o f  t h e  n o r m a l  t i m e  v a r y i n g  
B i o l o g i c a l  R h yth m  w a s  n e e d e d .  S u b j e c t s  w h o h a d  s u f f e r e d  fr o m
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a n y  p s y c h i a t r i c  d i s o r d e r  m ay sh o w  i n t e r a c t i o n  w i t h  t h e  r h y th m  
w h ic h  c o u l d  b e  m i s i n t e r p r e t e d .
( i i )  I n d i v i d u a l s  w ho w e r e  n o t  u n d e r g o i n g  a n y  d r u g  t r e a t m e n t .  T h e
b i o l o g i c a l  i t h y th m s  a r e  g e n e r a t e d  b y  h i g h l y  d y n a m ic  s y s t e m s  o f  
r e g u l a t i o n  a n d  o s c i l l a t i o n s ,  a n d  a n y  i n t e r f e r e n c e . w i t h  t h e  
r e g u l a t o r y  s y s t e m  m i g h t  d i s t u r b  t h e  p e r i o d i c i t y .  T h e  d r u g  
t r e a t m e n t  m i g h t  a c t  a s  a n  i n t e r f e r e n c e  p h e n o m e n o n  a n d  
d e s y n c h r o n i s e  t h e  r h y th m .
( i i i )  I n d i v i d u a l s  w ho w e r e  s i m i l a r  i n  a g e  a n d  s e x  t o  t h e  s u b j e c t s  i n
G rou p  I . T h i s  w a s  i n  o r d e r  t o  e x e r c i s e  c o n t r o l  o v e r  t h e
i n t e r a c t i o n  o f  t h e s e  f a c t o r s  i n  t h e  tw o  g r o u p s .
T h e  t o t a l  n u m b er  o f  s u b j e c t s  i n  t h i s  g r o u p  w e r e  f o r t y  e i g h t .  A l l  t h e  
s u b j e c t s  w e r e  v o l u n t e e r s  fr o m  d i f f e r e n t  o c c u p a t i o n s ,  i n c l u d i n g  n u r s e s ,  
s t u d e n t s ,  h o u s e w i v e s  a n d  a c a d e m ic  s t a f f .  T h e s e  v a r i e d  s o u r c e s  w e r e  
c h o s e n  i n  o r d e r  t o  a s s u m e  a  s o m e w h a t  h e t e r o g e n o u s  p o o l  w i t h i n  t h e  s a m p le  
p o p u l a t i o n .  A t  l e a s t  f i v e  s u b j e c t s  w e r e  c h o s e n  fr o m  e a c h  d e c a d e  o f  l i f e  
fr o m  2 0 - 6 0  y e a r s  o f  a g e  ( T a b le  V ) .
TABLE V S e x  a n d  A g e  o f  N o r m a l S a m p le
Age ( i n Years)
Total
2 0 - 3 0 3 1 - 4 0 4 1 - 5 0 5 1 - 6 0
Male 7 6 3 5 2 0
Female 16 5 3 4 2 8
Total 23 1:1 6 9 4 8
GROUP I I I
B e s i d e s  G r o u p s  I  a n d  I I  a n  a d d i t i o n a l  g r o u p  o f  t w e n t y  t y p i s t s  w e r e  
o b t a i n e d  f o r  t h e  d e t e c t i o n  o f  p e r f o r m a n c e  r h y th m s  a l o n e .  T h i s  g r o u p
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w a s  n o t  m a t c h e d  f o r  a g e  a n d  s e x  w i t h  t h e  f o r m e r  tw o  g r o u p s ,  a n d  c o n s i s t e d  
o f  f e m a l e  t y p i s t s  w i t h  t h e  a g e  r a n g e  o f  2 0 - 3 0  a n d  3 1 - 4 0  ( T a b le  V I ) .
TABLE V I A g e  R a n g e  o f  F e m a le  T y p i s t s
A ge  ( i n  Y e a r s )
T o t a l
2 0 - 3 0 3 1 - 4 0
F e m a le
T y p i s t s
15 5 2 0
C r i t e r i a  f o r  s e l e c t i o n  w a s  t h e  sa m e  a s  f o r  G rou p  I I ,  e x c e p t  f o r  
c r i t e r i o n  n u m b er  ( i i i )  .
T h u s ,  t h e  o v e r a l l  n u m b er  o f  s u b j e c t s  i n  t h e  s t u d y  w e r e  1 0 9  ( T a b le  V I I ) .
TABLE V I I  P e r c e n t a g e  o f  S u b j e c t s  i n  t h e  Two
G r o u p s
M a le F e m a le T o t a l
G ro u p  I  
G rou p  I I  
G ro u p  I I I  
T o t a l
2 5
2 0
X
4 5  (35% )
16
2 8
2 0
6 4  (65%)
41 (32%) 
4 8  (37%)  
2 0  (31%)  
10 9
3 . 2 . 1 .  2 VARIABLES
F a i r l y  d i v e r s e  m e a s u r e s  h a v e  b e e n  u s e d  t o  e x a m in e  r h y t h m ic  c o m p o n e n t s  i n  
t h e  i n d i v i d u a l s  m o o d , p e r f o r m a n c e  a n d  p h y s i c a l  h e a l t h .
T h e  p a r a m e t e r s  t o  d e t e c t  t h e  r h y th m s  i n c l u d e  b o t h  p s y c h o l o g i c a l  a n d  
p h y s i o l o g i c a l  o n e s .
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T h e  c h o i c e  o f  m e a s u r e s  f o r  t h e  d e t e c t i o n  o f  t e m p o r a l  c o m p o n e n t s  w a s  
b e s e t  w i t h  tw o  m e t h o d o l o g i c  p r o b l e m s .  T h e s e  w e r e  a  m e a s u r e  s e n s i t i v e  
e n o u g h  t o  r e c o r d  t h e  s l i g h t e s t  c h a n g e  i n  m o o d , a n d  a  p e r f o r m a n c e  t e s t  
w i t h  m in im a l  p r a c t i c e  e f f e c t .  A ny p e r f o r m a n c e  t e s t  w h ic h  h a s  a  t e n d e n c y  
t o  sh o w  m a j o r  im p r o v e m e n t  d u e  t o  p r a c t i c e  e f f e c t  w o u ld  d e f e a t  t h e  p u r p o s e  
o f  t h e  p r e s e n t  a n a l y s i s .  M a in ly  b e c a u s e  v a r i a t i o n s  d u e  t o  p r a c t i c e  w o u ld  
b e  c o n f u s e d  w i t h  c h a n g e s  i n  p e r f o r m a n c e  d u e  t o  r h y t h m ic  i n f l u e n c e .
F o r  t h e  s t u d y  o f  e m o t i o n a l  b e h a v i o u r ,  t h e  u s e  o f  b i o - e l e c t r i c  v a r i a b l e s ,  
l i k e  t h e  E l e c t r o e n c e p h a l o g r a p h i c  (F.EG) r e c o r d s ,  o r  G a l v a n i c  S k in  R e s p o n s e  
( G S R ) , c o u l d  b e  p r o m i s i n g .  D ue t o  t h e i r  s e n s i t i v i t y  t o  m any p s y c h o l o g i c a l  
v a r i a b l e s .  B u r r  ( 1 9 3 3 )  h a s  d e v i s e d  o n e  s u c h  b i o - e l e c t r i c  c o r r e l a t e  o f  
e m o t i o n s ,  w h ic h  i n v o l v e s  t h e  u s e  o f  a  m i c r o v o l t m e t e r .  H e r e  a  p o t e n t i a l  
d i f f e r e n c e  i s  m e a s u r e d  b e t w e e n  a  l a r g e  c l u s t e r  o f  c e l l s  a t  o n e  p o i n t ,  
r e l a t e d  t o  a n o t h e r  c o l l e c t i o n  so m e w h e r d  e l s e  i n  t h e  sa m e  s y s t e m .  T he  
e l e c t r o d e s  u s e d  a r e  o f  r e l a t i v e l y  ' g i a n t '  s i z e  c o m p a r e d  t o  t h e  c e l l s  w i t h  
w h ic h  t h e y  a r e  i n  c l o s e s t  c o n t a c t .  I t  i s  n o t  t h e  d i r e c t i o n  o f  c h a n g e  
w h ic h  i s  t a k e n  a s  a n  i n d i c e  o f  e m o t io n  b u t  t h e  m a g n i t u d e  o f  c h a n g e .  T h u s  
t h o s e  w i t h  g e n e r a l l y  p o s i t i v e  p o t e n t i a l s  m ig h t  t e n d  t o  m a n i f e s t  g r e a t e s t  
c o n f l i c t  a n d  e m o t i o n a l  d i s t u r b a n c e  w h e n  t h e r e  i s  a  t r e n d  t o w a r d s  i n c r e a s e d  
p o s i t i v i t y .  A t r e n d  t o w a r d s  d e c r e a s e d  p o s i t i v i t y  o n  t h e  o t h e r  h a n d  w o u ld  
i n d i c a t e  a d j u s t m e n t .  T h e  o p p o s i t e  m i g h t  h o l d  t r u e  f o r  t h o s e  w i t h  
n e g a t i v e  p o t e n t i a l s .
R a v i t z  ( 1 9 5 1 ) ,  f o l l o w i n g  t h e  a b o v e  c o n c e p t u a l i s a t i o n ,  c a r r i e d  a  d e t a i l e d  
DC d e t e r m i n a t i o n s .  S e v e n t e e n  s u b j e c t s  w e r e  t e s t e d  d a i l y  fr o m  o n e  t o  
e i g h t  m o n t h s .  H i s  r e s u l t s  i n d i c a t e  c y c l i c  v a r i a t i o n s  i n  DC a l t e r a t i o n s  
a n d  e m o t i o n a l  p a t t e r n s .
B a s e d  o n  t h e  a b o v e  f a c t s ,  i t  w a s  d e c i d e d  t o  c a r r y  o u t  a  p i l o t  s t u d y  f o r  
t h e  m e a s u r e m e n t  o f  s t e a d y - s t a t e  s t a n d i n g  p o t e n t i a l - u s i n g  t h i s  a s  a n  
i n d e x  o f  e m o t i o n a l  b e h a v i o u r .
A g r o u p  o f  t w e l v e  s u b j e c t s  w e r e  t e s t e d  e v e r y  d a y  f o r  a  m o n t h , b y  m e a n s  
o f  a  h i g h  i n p u t  im p e d a n c e  m i c r o v o l t m e t e r .  I n  c o n t r a s t  t o  R a v i t z ' s
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(op. cit-) findings, it appeared to be difficult to correlate minor mood 
swings with DC alterations. The skin potential response is very 
susceptible to temperature effects; although temperature was maintained 
constant for valid electrodermal measurement, it appeared to be difficult 
to control the secondary effect mediated by vasoconstriction (result of 
field condition in total body-surface cooling). This is of special 
relevance, when during winter months subjects come into a building from 
outdoors, even though the laboratory is thermostatically controlled. A 
full hour may be necessary to reverse thermal vasoconstriction. As 
regards the present investigation, it was imperative to keep the testing 
time minimal. It was therefore decided to abandon this approach. Thus 
the measurement of emotional behaviour was restricted to subjective 
records of moods.
The detection of rhythmic components ill the performance of the individual 
is most difficult. Since the test results were to be analysed from the 
point of view of rhythmic variation, the task had to be capable of 
extensive replication. The task therefore had to be simple enough not 
to show any changes due to practice, and complex enough to bring out 
variations due to rhythmic influence. The need was for a task, less 
concerned with qualitative examination or structured analysis of mental 
processes, and more with quantitative determination of performance in 
terms of speed and accuracy.
The effect of practice cannot be wholly avoided with the repetition of 
a task. The objective, however, was to select a task wherein this 
improvement did not influence the relationship of the values for the 
different days. Trial and error with various tasks suggested that word 
cancellation and code substitution tests might come closer to this 
expectation.
The final selection of parameters, therefore, consisted of: body 
temperature, pulse rate, body weight, word cancellation/code 
substitution test and visual analogue scale.
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BODY TEMPERATURE
T h e t e m p e r a t u r e  o f  t h e  b o d y  i s  i t s  t h e r m a l  s t a t e  c o n s i d e r e d  w i t h  
r e f e r e n c e  t o  c o m m u n ic a te  h e a t  t o  o t h e r  b o d i e s .  C l i n i c a l l y ,  o r a l ,  
a x i l l a r y  o r  r e c t a l  t e m p e r a t u r e  i s  u s u a l l y  t a k e n  t o  b e  i n d i c a t i v e  o f  
t h e  t e m p e r a t u r e  o f  t h e  b o d y  a s  a  w h o l e .  O ne o f  t h e  b a s i c  m e d i c a l  
i n d i c a t i o n s  o f  d i s e a s e  i n  h u m a n s i s  t h e  d e v i a t i o n  o f  t h e  b o d y  t e m p e r a t u r e  
fr o m  n o r m a l .  T h i s  i s  b e c a u s e  i n  h e a l f h  t h e  t e m p e r a t u r e  o f  t h e  b o d y  i s  
f a i r l y  c o n s t a n t  a t  a b o u t  9 8 . 4 ° p ,  o v e r  a n  e x t r e m e l y  b r o a d  r a n g e  o f  
a m b ie n t  t e m p e r a t u r e s  a n d  p h y s i o l o g i c a l  a c t i v i t i e s .
The range of deep body temperature in healthy persons is quite small.
The coefficients of variation of body temperature in man is one of the 
smallest for which quantitative data is available. The effect of the 
variation, however, may be drastic in terms of general health and 
performance; even a small rise in body temperature produces an increase 
in heart rate and often a feeling of discomfort and fatigue.
Body temperature depends on thè balance between heat production and 
heat loss. Heat production has been shown to vary circadianly, with the 
lowest values in the small hours of the morning.
A d i u r n a l  v a r i a t i o n  o f  b o d y  t e m p e r a t u r e  w a s  n o t e d  s h o r t l y  a f t e r  t h e  
i n t r o d u c t i o n  o f  t h e  t h e r m o m e t e r  i n t o  c l i n i c a l  p r a c t i c e .  W a r te r  ( 1 8 6 6 ) ,  
f o r  e x a m p l e ,  r e c o r d e d  m in im um  t e m p e r a t u r e  i n  t h e  e a r l y  m o r n in g  a n d  
m axim um  i n  t h e  e v e n i n g .  O g le  ( 1 8 6 6 )  d e m o n s t r a t e d  m axim um  t e m p e r a t u r e  
t o  o c c u r  i n  t h e  a f t e r n o o n .  O g l e ' s  a n a l y s i s  f u r t h e r  r e v e a l e d  a  s e x  
d i f f e r e n c e  i n  t h e  v a r i a t i o n ;  t h e  c h a n g e s  w e r e  f o u n d  t o  b e  g r e a t e r  i n  
m a l e s  t h a n  f e m a l e s .
C o n t r a d i c t o r y  r e s u l t s  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  a b o u t  r h y th m s  
i n  t e m p e r a t u r e ;  a s  a  r e s u l t  o f  r e s t  a n d  f a s t i n g  s c h e d u l e s  o r  an  i n h e r e n t  
p e r i o d i c i t y .  A c c o r d i n g  t o  H o r r o b i n  ( 1 9 6 8 )  t h e  d a i l y  r i s e  i s  s i m p l y  a  
c o n s e q u e n c e  o f  e x e r c i s e  a n d  t h e  s p e c i f i c  d y n a m ic  a c t i o n  o f  t h e  f o o d .
M i l l s  ( 1 9 6 6 ) ,  h o w e v e r ,  i n  a g r e e m e n t  w i t h  e a r l i e r  r e s e a r c h e r s  ( K le i t m a n
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1 9 4 9 ;  K l e i t m a n  a n d  J a c k s o n  1 9 5 0 ;  M i l l e t e  a n d  H u t  e t  a l  1 9 5 1 )  h a s  
d e m o n s t r a t e d  t h a t  t h e  t e m p e r a t u r e  r h y t h m  p e r s i s t s  e v e n  w i t h  s t r i c t  r e s t  
a n d  f a s t i n g  s c h e d u l e s .
R e c e n t l y  F u l l e r  a n d  S u l z m a n  e t  a l  ( 1 9 7 8 )  h a v e  s h o w n  t h r o u g h  t h e i r  
e x p e r i m e n t s  o n  s q u i r r e l  m o n k e y s  t h a t  t h e r m o r e g u l a t i o n  i s  i m p a i r e d  i n  
a n  e n v i r o n m e n t  w i t h o u t  c i r c a d i a n  t i m e  c u e s .  E f f e c t i v e  t h e r m o r e g u l a t i o n  
h a s  b e e n  s h o w n  t o  r e q u i r e  t h e  p r e c i s e  i n t e r n a l  s y n c h r o n i s a t i o n  o f  t h e  
c i r c a d i a n  t i m e  k e e p i n g  s y s t e m .
Body temperature rhythm is also demonstrated to be closely linked with 
sleep-wakefulness and the arousal level of the individual. Dostorsky 
( 1 9 3 3 )  found the temperature rhythm to parallel the development of 
sleep-wakefulness cycle; an individually acquired phenomenon dependent 
upon the cereberal cortex for its establishment and maintenance. Murray 
and Lubin ( 1 9 5 8 )  have shown that sleep deprivation causes downward 
displacement of the body temperature curve. As body temperature 
declines subjective fatigue ratings increases. Harris and Hale et al 
( 1 9 7 0 ) ,  in their study, supported the conclusion reached by Van Loon 
( 1 9 6 3 )  that unaccustomed sleep/wake schedules causes flattening of the 
oral temperature curve.
These findings justify the conclusion that body temperature is a 
sensitive index of changes in body health.
B o d y  t e m p e r a t u r e  h a s  a l s o  b e e n  c o n s i d e r e d  t o  b e  a  p r e d i c t o r  o f  m e n t a l  
e f f i c i e n c y  a n d  p s y c h o m o t o r  p e r f o r m a n c e .  D o n a l d  ( 1 9 6 8 )  h a s  s h o w n  t h a t  
a n  i n c r e a s e  i n  b o d y  t e m p e r a t u r e  s p e e d s  u p  t h e  i n t e r n a l  c l o c k  w h i c h  
i n f l u e n c e s  s u b j e c t i v e  t i m e .  B l a k e  ( 1 9 6 7 )  d e m o n s t r a t e d  a  r e l a t i o n s h i p  
b e t w e e n  c i r c a d i a n  c h a n g e s  i n  b o d y  t e m p e r a t u r e  a n d  I n t r o v e r s i o n -  
E x t r a v e r s i o n .  T h e  t e m p e r a t u r e  o f  t h e  i n t r o v e r t e d  s u b j e c t s  w a s  s h o w n  t o  
r e a c h  a  p e a k  e a r l y  i n  t h e  m o r n i n g .  O s t b e r g  ( 1 9 7 3 )  h a s  s h o w n  t h a t  t h e r e  
i s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  s u b j e c t s  who  a r e  a c t i v e  i n  t h e  
m o r n i n g ,  c o m p a r e d  t o  t h o s e  who  a r e  a c t i v e  i n  t h e  e v e n i n g ,  i n  t e r m s  o f  
c i r c a d i a n  r h y t h m  o f  o r a l  t e m p e r a t u r e .
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I n  a d d i t i o n  t o  t h e  c i r c a d i a n  r h y t h m ,  t h e  t e m p e r a t u r e  r e g u l a t o r y  m e c h a n i s m  
a l s o  e x h i b i t s  a  l o n g  t e r m  v a r i a t i o n .  H a l b e r g  ( 1 9 6 7 )  d e s c r i b e s  a  p a t i e n t  
s u f f e r i n g  f r o m  a  c o n v u l s i v e  d i s o r d e r  who  r e v e a l e d  f r e q u e n t  d i s t u r b a n c e s  
i n  t e m p e r a t u r e  r h y t h m  d u r i n g  a  p e r i o d  o f  s e v e r a l  h u n d r e d  d a y s  o f  
o b s e r v a t i o n .  T h e  5 am t e m p e r a t u r e  o f  t h i s  s u b j e c t  w a s  t h e  h i g h e s t  o f  
t h e  d a y  r a t h e r  t h a n  t h e  l o w e s t .  I n  a  r e c e n t  s t u d y  b y  E m p so n  ( 1 9 7 8 ) ,  a  
t w e n t y  d a y  c y c l e  o f  s k i n  t e m p e r a t u r e  w a s  d e m o n s t r a t e d  i n  1 8  m a l e  s u b j e c t s ,  
d u r i n g  a  p e r i o d  o f  f i f t y  d a y s .  •
It was therefore decided to investigate the long term variation in 
temperature as an index of fluctuation in physical health.
DETERMINATION OF TEMPERATURE
T h e  s t a n d a r d  w a y  o f  d e t e r m i n i n g  t h e  b o d y  t e m p e r a t u r e  i s  t o  u s e  t h e  
c l i n i c a l  t h e r m o m e t e r .  T h i s  i s  a  max imum r e a d i n g  t h e r m o m e t e r  c o v e r i n g  
a t  l e a s t  t h e  r a n g e  o f  3 6 °  t o  4 i °  C.  T h e  m e r c u r y  m u s t  e x p a n d  o u t  o f  i t s  
b u l b  t h r o u g h  a  c o n s t r i c t i o n  f o r m e d  a t . t h e  b o t t o m  o f  t h e  c a p i l l a r y  t u b i n g  
o f  t h e  s t e m /  u p o n  c o n t r a c t i o n ,  t h e  m e r c u r y  c o l u m n  s e p a r a t e s  a t  t h e  
c o n s t r i c t i o n  a n d  r e m a i n s  i n  t h e  s t e m  u n t i l  s h a k e n  d o w n .  I n  t h i s  m a n n e r  
t h e  t h e r m o m e t e r  p r o v i d e s  me m or y  o f  t h e  max imum t e m p e r a t u r e  t o  w h i c h  i t  
h a s  b e e n  e x p o s e d .  S u c h  a  t h e r m o m e t e r  h a s  i t s  l i m i t a t i o n s .  I t  i s  u s u a l l y  
p l a c e d  s u b - l i n g u a l l y  a n d  t h e r e f o r e  g i v e s  a  r e a d i n g  o f  t h e  m o u t h  
t e m p e r a t u r e .  T h i s  w i l l  b e  t h e  s a m e  a s  t h e  c e n t r a l  c o r e  t e m p e r a t u r e  o n l y  
i f ,  p r i o r  t o  t a k i n g  t h e  r e a d i n g ,  t h e  m o u t h  h a s  b e e n  f i r m l y  c l o s e d  s o  
t h a t  b r e a t h i n g  o n l y  t a k e s  p l a c e  t h r o u g h  t h e  n o s e  ,  s i n c e  b r e a t h i n g  
i n t r o d u c e s  c o l d  a i r  a n d  l o w e r s  t h e  m o u t h  t e m p e r a t u r e .
A b e t t e r  m e t h o d  i s  t h e  u s e  o f  o f  a  t h e r m i s t o r  p r o b e  w h i c h  d o e s  n o t  h a v e  
t h i s  p r o b l e m .  M o r e o v e r  i t  p r o v i d e s  a  m o r e  a p p r o x i m a t e  i n d i c a t i o n  o f  t h e  
c e n t r a l  c o r e  t e m p e r a t u r e .
Thermistors are very convenient transducers for the measurement of 
temperature at any site or within the body. The name 'thermistors' is 
derived from thermally sensitive resistors, since the resistance of a
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thermistor varies as a function of a temperature. Their resistance is 
not linear with temperature but exponential. The device is. made of a 
solid semi conductor with a high temperature coefficient of resistance. 
Since thermistors are more sensitive to temperature changes than metallic 
resistors, accurate readings of small changes are possible.
T h e  d e v i c e  f o r  r e c o r d i n g  t e m p e r a t u r e  i n  t h i s  s t u d y  w a s  a  D i g i t a l  
M u l t i m e t e r  ( F a r n e l l  DM131)  w i t h  a  t h e r m i s t o r  p r o b e  (a  m u l t i m e t e r  w a s  
u s e d  b e c a u s e  o f  a v a i l a b i l i t y ,  o t h e r w i s e  a n y  m e t e r  w i t h  a  t h e r m i s t o r  
p r o b e  i s  e q u a l l y  a p p r o p r i a t e ) . T h i s  s i x  f u n c t i o n  a u t o m a t i c  m u l t i m e t e r  
m e a s u r e s  t e m p e r a t u r e  f r o m  - 5 5 °C t o  + 1 2 5 ° C .  T h e  a c c u r a c y  o f  t h e  i n s t r u m e n t  
w a s  f o u n d  t o  b e  i n  t h e  r a n g e  + 4 ° C  + 0 . 5 % ,  . ‘
T h e  t e m p e r a t u r e  p r o b e  c o n s i s t e d  o f  a  s è m i  c o n d u c t o r  t i p  e n c a p s u l a t e d  i n  
e p o x y  r a s i n  b e a d  a n d  c o a t e d  w i t h  n o n  t o x i c  p a i n t .  T h e  t h e r m a l  c a p a c i t y  
w a s  0 . 2 5  J o u l e  p e r  °C a p p r o x i m a t e l y .
Temperature was determined by switching the terminal to °C and the mode 
to DC position. The jackplug of the temperature probe was plugged into the 
jack socket on the front panel. The probe was held to the skin under the 
arm for three minutes timed by a stop watch.
Due to the involvement of circadian rhythm, the temperature of the 
individual was determined at precisely the same time every day. This was 
true for the recording of the other variable as well.
PULSE RATE
Pulse rate is the rhythmic throbbing of the arteries caused by the 
expansion and contraction of the heart. Pulse may be defined as a series 
of surges of blood in the arteries, resulting from contraction of the 
left ventricle. The distensibility and elasticity of the arterial walls 
bring about the expansion and contraction of the arteries following each 
ventricular systole.
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The parameter of pulse rate was monitored as an index of metabolic rate.
The principal advantage of this measure is the comparative ease with 
which records may be obtained. Moreover, the discreet nature of this 
measure makes it readily amenable to very precise quantification.'
T h e  p u l s e  i s  o n e  o f  t h e  o l d e s t  k n o w n  s p o n t a n e o u s  o r g a n i c  r h y t h m s . T h e  
f r e q u e n c y  i n  h u m a n s  i s  a b o u t  6 0  ( 3 5 - 1 0 0 )  b e a t s / m i n u t e ,  a n d  i s  c o n s i d e r e d  
t o  b e  f a i r l y  r e g u l a r  i n  a n  i n d i v i d u a l . '  I t  r i s e s  w i t h  e x e r c i s e  b e c a u s e  o f  
t h e  e f f e c t  o f  r e s p i r a t i o n  o n  p u l s e  r a t e .  C h a n g e s  i n  r e s p i r a t o r y  b e h a v i o u r  
p r o d u c e  s y s t e m a t i c  c h a n g e s  i n  p u l s e  r a t e . I n  m o s t  a d u l t s  i t  d o e s  n o t  a l t e r  
d u r i n g  q u i e t  b r e a t h i n g ,  b u t  w h e n  t h e  b r e a t h i n g  d e e p e n s  v o l u n t a r i l y  t h e  
r a t e  q u i c k e n s  d u r i n g  i n s p i r a t i o n .  S t r e s s  a n d  i n c r e a s e  i n  b o d y  t e m p e r a t u r e  
a l s o  r a i s e  t h e  p u l s e  r a t e  ( 8 - 1 0  b e a t s / 1 ° C ) .  U n d e r  p a t h o l o g i c a l  c o n d i t i o n s  
i t  may  b e  a s  h i g h  a s  3 4 5  b e a t s / m i n u t e .
A vast accumulation of data has been cited in the literature about 
circadian changes in pulse rate. Of special relevance are studies 
performed by Kleitman and Ramsaroop ( 1 9 6 3 ) ,  Strempel and Cabarcan ( 1 9 7 5 ) ' ,  
Smotensky and Kraft et al ( 1 9 7 5 )  and Rostrain, Naquet and Reinberg ( 1 9 7 5 ) .
The evidence indicates a close relationship between pulse rate and body 
temperature, the increase in minute pulse rate is 8-10 beats/minute per 
degree centrigrade increment in rectal temperature. The pulse rate 
rhythm, however, is not a simple consequence of temperature rhythm.
K l e i t m a n  ( 1 9 3 3 )  h a s  s h o w n  t h a t  t h e  t w o  p e r i o d i c i t i e s  a r e  c o m p l e t e l y  
d i s s o c i a t e d  i n  t h e  i n d i v i d u a l s  o n  a b n o r m a l  t i m e  s c h e d u l e s  i n  t h e  A r c t i c .  
H e r e  t h e  p u l s e  r a t e  a d a p t e d  i m m e d i a t e l y  t o  a  d a y  o f  18  o r  2 8 - h o u r  r h y t h m ,  
w h e r e a s  t h e  t e m p e r a t u r e  s h o w e d  a  2 4 - h o u r  r h y t h m .
B e s i d e s  t h e  c i r c a d i a n  v a r i a t i o n ,  so m e  c a s e s  o f  l o n g e r  c y c l e s  i n  p u l s e  
r a t e  h a v e  a l s o  b e e n  r e p o r t e d .  R i c h t e r  ( 1 9 6 0 )  h a s  s t a t e d  t h e  c a s e  o f  a  
s i x t y  y e a r  o l d  d e p r e s s e d  p a t i e n t  e x h i b i t i n g  a  4 8 - h o u r  c y c l e  o f  p u l s e  r a t e ,  
m ood  a n d  b e h a v i o u r .  M a l s t r o m  ( 1 9 7 3 )  h a s  d e s c r i b e d  a  w e e k l y  h e a r t  r a t e  
v a r i a t i o n .  Wehr  a n d  G o o d w i n  ( 1 9 7 5 )  h a v e  p o i n t e d  o u t  a  4 1 - d a y  r h y t h m  i n  
p u l s e ,  t e m p e r a t u r e  a n d  m ood  c y c l e  i n  a  m a n i c - d e p r e s s i v e  p a t i e n t .  H o w e v e r ,
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i t  i s  a p p a r e n t  t h a t  n o  s y s t e m a t i c  s t u d y  h a s  b e e n  u n d e r t a k e n '  t o  i n v e s t i g a t e  
c h a n g e s  i n  t h i s  p a r a m e t e r  o v e r  l o n g  t e r m .
DETERMINATION OF PULSE RATE
P u l s e  r a t e  may  b e  d e r i v e d  f r o m  t h e  p r e s s u r e  o r  f l o w  w a v e f o r m s  o r  an  
e l e c t r o c a r d i o g r a p h  c a n  b e  u s e d .  T h e  m o s t  w i d e l y  u s e d  t e c h n i q u e  f o r  
o b t a i n i n g  r e c o r d s  o f  c a r d i a c  a c t i v i t y  a r e  b a s e d  o n  t h e  p r i n c i p l e  o f  
e l e c t r o c a r d i o g r a p h y .  H e r e  t h e  p u l s e  r a t e  r e c o r d s  a r e  o b t a i n e d  b y  c o u n t i n g  
t h e  n u m b e r  o f  R w a v e s  ( t h e  w a v e  o f  i n c r e a s e d  p r e s s u r e  w i t h  a n  a r t e r y  
c a u s e d  b y  t h e  s y s t o l e  o f  t h e  l e f t  v e n t r i c l e ) , o c c u r r i n g  i n  a  
s p e c i f i e d  t i m e  p e r i o d .  T h e  m e t h o d ,  h o w e v e r ,  i s  e x t r e m e l y  t i m e  c o n s u m i n g  
d u e  t o  t h e  l a r g e  a m o u n t  o f  d a t a .  One  o f  t h e  n e a t e s t  w a y s  o f  d e t e c t i n g  
t h e  p u l s e  i s  b y  t h e  u s e  o f  m i n i a t u r e  l i g h t  s o u r c e  a n d  p h o t o c e l l  t o  d e t e c t  
t h e  v a r i a t i o n  o f  t r a n s m i t t e d  l i g h t  t h r o u g h  t h e  f i n g e r  p u l p  o r  e a r  l o b e  
a s  t h e  b l o o d  f l u s h e s  t h r o u g h  t h e  c a p i l l a r i e s .  T h e  i n s t r u m e n t  w h i c h  m e e t s  
s u c h  r e q u i r e m e n t s  i s  a  p u l s e  m e t e r  ( L a t i n  p u l s e s :  s t r o k e s  a n d  G r e e k  
m e t r o n :  m e a s u r e ) . I t  i s  a n  i n s t r u m e n t  u s e d  f o r  m e a s u r i n g  t h e  f o r c e  o r  
r a t e  o f  t h e  p u l s e .
T h e  d e v i c e  u s e d  i n  t h e  p r e s e n t  s t u d y  i s  c o m p o s e d  o f  t h e  b a s i c  i n s t r u m e n t ,  
a  c h a r g e r  a n d  a n  e a r  l o b e  p i c k  u p  ( .S' ftHEl P u l s e m e t e r  P M -1 0 1 )  .
F o r  t h e  o b s e r v a t i o n  o f  t h e  p u l s e  r a t e ,  t h e  p o w e r  w a s  s w i t c h e d  o n  a n d  t h e  
p i c k  up  w a s  m o u n t e d  t o  t h e  e a r  l o b e .  T h e  l i g h t  s o u r c e  o f  t h e  p i c k  up  
( l a m p )  c o n t a c t e d  t h e  b a c k  s u r f a c e  o f  t h e  e a r  l o b e .  S i n c e  t h e  m e t e r  
i n d i c a t o r  t e n d s  t o  f l u c t u a t e  s l i g h t l y  d u e  t o  p u l s e  r h y t h m ,  t h e  r e a d i n g  
w a s  n o t e d  f r o m  t h e  s c a l e  w h e n  t h e .  i n d i c a t o r  w a s  a t  t h e  h i g h e s t  p o i n t  o f  
i t s  s w i n g .  I n  i n s t a n c e s  o f  v e r y  i r r e g u l a r  p u l s e  w h e r e  r e a d i n g  w a s  
d i f f i c u l t  t h r o u g h  t h e  m e t e r ,  p u l s e  r h y t h m  w a s  c o u n t e d  b y  t h e  b l i n k i n g  o f  
t h e  l a m p ,  o r  w a s  c o u n t e d  p e r  m i n u t e  a s  h e a r d  t h r o u g h  t h e  l o u d s p e a k e r .
BODY WEIGHT
S t a t i o n a r y  w e i g h t  i s  a n  i n d e x  o f  e n e r g y  b a l a n c e .  B o d y  w e i g h t  c o n s t i t u t e s
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a n  u n e r r i n g  i n d e x  o f  w h e t h e r  t h e  f o o d  i s  f u r n i s h i n g  e n e r g y  e q u a l  t o ,  i n  
e x c e s s  o r  b e l o w  t h e  e n e r g y  r e q u i r e m e n t  o f  t h e  b o d y ;  w h e n  e n e r g y  i n t a k e  
j u s t  a b o u t  b a l a n c e s  c o n s u m p t i o n  t h e  b o d y  n e i t h e r  l o s e s  n o r  g a i n s  w e i g h t .  
T h e r e  i s  a p p a r e n t l y  a  r e g u l a t o r y  m e c h a n i s m  i n  t h e  i n d i v i d u a l  t h a t  h e l p s  
t o  m a i n t a i n  e n e r g y  b a l a n c e .
W i l s o n  ( 1 9 6 5 )  u n d e r t o o k  a n  e x p e r i m e n t  t o  e x a m i n e  i f  t h e  b o d y  c o u l d  c o n t r o l  
t h e  a p p e t i t e .  S t u d e n t s  w h o s e  w e i g h t  n o r m a l l y  r e m a i n e d  a l m o s t  c o n s t a n t  
w e r e  g i v e n  s p e c i a l  l i q u i d  s u p p l e m e n t s  o f  1 1 0 0  c a l o r i e s  e a c h  n i g h t  a t  a b o u t  
10 o ' c l o c k .  R e s u l t s  i n d i c a t e d  t h a t  t h e  b o d y  d o e s  ma ke  s o m e  a d j u s t m e n t ,  
f i f t y  p e r  c e n t  i n  t h i s  c a s e .  I t  w a s  n o t e d  t h a t  t h e  i n t a k e  i n  t h e  u s u a l  
m e a l s  w a s  r e d u c e d  b y  5 0 0  c a l o r i e s .
Y e t  a g a i n ,  t h e  s p o n t a n e o u s  r h y t h m  u s u a l l y  s t u d i e d  i n  w e i g h t  v a r i a t i o n  i s  
t h e  c i r c a d i a n  o n e .  S i m p s o n  ( 1 9 2 4 )  h a s " n o t e d  a  2 4 - h o u r  v a r i a t i o n  i n  b o d y
w e i g h t ,  w h i c h  h e  h a s  e x p l a i n e d  i n  t e r m s  o f  t h e  w a t e r  b a l a n c e .
I n  o n e  o f  t h e  f e w  s t u d i e s  o f  l o n g  t e r m  c h a n g e s  i n  b o d y  w e i g h t ,  R i c h t e r  
( 1 9 6 5 )  h a s  c i t e d  t h e  c a s e  o f  a  m a n i c - d e p r e s s i v e  f e m a l e  p a t i e n t  w h o s e  
w e i g h t  c h a n g e s  f o l l o w e d  p r e c i s e l y  h e r  m o n t h l y  c h a n g e s  i n  m o o d .
DETERMINATION OF BODY WEIGHT
S u b j e c t s  w e r e  w e i g h e d  b y  a  s p r i n g  b a l a n c e ,  w i t h  a  c a l i b r a t e d  s c a l e  h a v i n g  
a  p r e c i s i o n  o f  0 . 1  k g s .  To  r e d u c e  p o s s i b l e  e r r o r s  a r i s i n g  f r o m  
e x t r a n e o u s  w e i g h t  c h a n g e s  t h e  f o l l o w i n g  f a c t o r s  w e r e  c o n t r o l l e d ,  n a m e l y  
w e i g h t  o f  c l o t h i n g ,  w e i g h t  o f  b l a d d e r  c o n t e n t s ,  a n d  w e i g h t  o f  u n d i g e s t e d  
f o o d  a n d  l i q u i d  i n  t h e  a l i m a n t a r y  t r a c t .
Subjects were weighed at constant time of one hour after meals. They
were requested to empty the bladder before weighing took place. The 
type of clothing and number of garments worn was also kept as constant 
as possible. .
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PERFORMANCE
The ability to carry out a given mental task has been shown to vary with 
changes in the spontaneous rhythms. One variation which is extensively 
studied is the 2 4 -hour rhythm.
V a r i a t i o n s  i n  p e r f o r m a n c e  h a v e  b e e n  r i o t e d  t o  o c c u r  d u r i n g  a l l  p a r t s  o f  
t h e  2 4 - h o u r  c y c l e .  On t h e  w h o l e ,  p e r f o r m a n c e  i s  l o w e s t  a t  n i g h t  a n d  
h i g h e s t  d u r i n g  t h e  d a y  ( C o l q u h o u n  1 9 7 1 )  . B u c k  ( 1 9 7 7 )  h a s  d e m o n s t r a t e d  
t h a t  p e r f o r m a n c e  v a r i e s  i n  i n v e r s e  p h a s e  w i t h  t i m e  o f  t h e  d a y .  P a t k a i  
e t  a l  ( 1 9 7 7 )  s t u d i e d  p e r f o r m a n c e  a n d  s u b j e c t i v e  a l e r t n e s s  among  t w e n t y  
f o u r  p e r m a n e n t  n i g h t  w o r k e r s .  I t  w a s  o b s e r v e d  t h a t  p e r f o r m a n c e  a n d  
s u b j e c t i v e  a l e r t n e s s  s h o w e d  a  s i g n i f i c a n t  d i u r n a l  p a t t e r n .
There is strong evidence of a relationship between performance and body 
temperature rhythm. A change in temperature has been observed to occur 
concomitantly with changes in performance. This has led Kleitman ( 1 9 3 3 )  
to hypothesise that a chemical phenomenon may be involved. Kleitman 
( 1 9 6 3 )  has further demonstrated that subjects whose body temperature 
peaked earlier during the day tended to have highest performance level' 
at that time. Colquhoun ( 1 9 7 0 )  noted that in general mental efficiency 
follows the course of the body temperature. It is not feasible, however, 
to use body temperature as a sole determinant of performance, since 
other factors are involved. This is clear by the phenomenon of 'post­
lunch dip' (where perception and performance measures appear to exhibit 
a transitory decrease at around 1 . 0 0 - 2 . 0 0  pm, Blake 1 9 6 7 )  .
Another important variable which has been observed to correlate 
significantly with variation in performance is the circadian variation 
in hormonal secretion. Kenneth ( 1 9 7 1 )  has given evidence of physiological 
variability in day and night workers. This was reflected in terms of the 
phase shift in keying time of pituatry-adrenal activity associated with 
the observed intellectual differences between them. Lehman and Michaelis. 
( 1 9 7 3 )  observed that the degree of physical activity and ratings of well 
being tended to parallel the adrenalin curve. Froberg et al ( 1 9 7 2 )  noted
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t h a t  p e r f o r m a n c e  m e a s u r e s  c o r r e l a t e d  s i g n i f i c a n t l y  a n d  p o s i t i v e l y  w i t h  
a d r e n a l i n e  e x c r e t i o n .
Though a strong correlation has been shown to exist between biochemical 
phenomenon and changes in performance, the published work is not 
sufficient to establish the use of such parameters as independent 
indices of performance. Though it does give rise to the possibility 
that all these measures might be dependent variables related to some 
basic metabolic factor.
In the present study performance scores obtained in the laboratory and 
real life situation were employed to detect the presence of long term 
variation. The task presented to the subjects were code substitution 
and in the case of psychiatric patients, word cancellation test {due to 
the reason that in the pilot study codé substitution was found to be 
complex enough for some patients to show a purely learning effect).
The tests were intended to be relatively simple and unitary, in the sense 
that these were dependent upon single channels of sensory input and motor 
output. Thus the responses could be scored in terms of speed and 
accuracy.
CODE SUBSTITUTION TEST
T h e  c o d e  s u b s t i t u t i o n  o r  D i g i t  S y m b o l  T e s t  i s  o n e  o f  t h e  o l d e s t  a n d  b e s t  
e s t a b l i s h e d  o f  a l l  p s y c h o l o g i c a l  t e s t s .  T h e r e  h a v e  b e e n  n u m e r o u s  
v a r i a t i o n s  i n  d e t a i l s  o f  a p p l i c a t i o n  o f  t h e  t e s t .  T h e  m o s t  p o p u l a r  o n e  
i s  t h e  Army B e t a  S u b s t i t u t i o n  T e s t  d e v e l o p e d  b y  O t i s ,  i t  h a s  s e v e r a l  
a d v a n t a g e s  o v e r  m an y  o f  t h e  o t h e r s .  W e c h s l e r  ( 1 9 5 5 )  h a s  u s e d  t h e  s a m e  
t e s t  u n d e r  t h e  h e a d i n g  o f  D i g i t  S y m b o l  i n  t h e  m e a s u r e m e n t  o f  a d u l t  
i n t e l l i g e n c e .
In the code substitution test used in the present investigation, the 
subject is presented with a block of forty four squares containing the 
numbers one till nine in random order and is required to reproduce the
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u n f a m i l i a r  s y m b o l s  f r o m  t h e  k e y .  T h e  s p e e d  a n d  a c c u r a c y  w i t h  w h i c h  t h e  
s u b j e c t  p e r f o r m s  t h e  t e s t  s e r v e s  a s  a  m e a s u r e  o f  h i s  e f f i c i e n c y .  F o r  
t h e  s c o r i n g  o f  t h e  r e s u l t s ,  w o r k  l i m i t  m e t h o d  r a t h e r  t h a n  t h e  t i m e  l i m i t  
m e t h o d  w a s  p r e f e r r e d ,  t h a t  i s ,  t h e  s u b j e c t  w a s  a s k e d  t o  p e r f o r m  t h e  s a m e  
w o r k  a n d  h i s  e f f i c i e n c y  w a s  m e a s u r e d  i n  t e r m s  o f  e l a p s e d  t i m e ,  i n s t e a d  
o f  r e q u i r i n g  t h e  s u b j e c t  t o  w o r k  f o r  t h e  s a m e  t i m e  a n d  m e a s u r i n g  h i s  
e f f i c i e n c y  i n  t e r m s  o f  g r o u n d  c o v e r e d .
WORD CANCELLATION TEST
T h e  e s s e n t i a l  p r i n c i p l e  i n  w o r d  c a n c e l l a t i o n  t e s t  i s  t h e  c r o s s i n g  o u t  o f  
a n  a s s i g n e d  l e t t e r  o r  l e t t e r s  o r  w o r d  f r o m  a  p r i n t e d  s h e e t .  I t s  o r i g i n a t o r ,  
B o u r d o n ,  u s e d  i t  w i t h  t e n  a d u l t s  t o  m e a s u r e  d i s c r i m i n a t i o n .  B u i e t  ( 1 9 6 3 )  . 
c a l l e d  i t  t h e  " c o r r e c t i o n  o f  p r o o f "  t e s t ,  a n d  u s e d  i t  t o  c o n t r a s t  t h e  
a b i l i t y  o f  i n t e l l i g e n t  a n d  u n i n t e l l i g e n t  c h i l d r e n .  J u d d  ( 1 9 0 7 )  t r i e d  t h e  
t e s t  a s  a  m e a s u r e  o f  f a t i g u e .  T h e  w o r d  c a n c e l l a t i o n  t e s t  h a s  a l s o  b e e n  
u s e d  r e c e n t l y  f o r  t h e  d e t e c t i o n  o f  c i r c a d i a n  r h y t h m  i n  p e r f o r m a n c e  
( C o l q u h o u n  1 9 7 1 /  M i l l s  1 9 6 6 ) .
T h e  r e s u l t s  o f  t h e  c a n c e l l a t i o n  t e s t  a r e  c o n d i t i o n e d  i n  t h e  m a i n  b y  
t h r e e  m e t h o d o l o g i c  f a c t o r s ,  t h e s e  a r e ,  t h e  n u m b e r  o f  l e t t e r s  t o  b e  
c a n c e l l e d ,  t h e  k i n d  o f  t e x t  o r  m a t e r i a l  e m p l o y e d ,  a n d  t h e  d u r a t i o n  o f  
t h e  t e s t .  I n  t h e  p r e s e n t  s t u d y ,  t h e r e  w e r e  f o u r  l e t t e r s  ( T ,  S ,  0 ,  I )  t o  
b e  c a n c e l l e d ,  t h e  m a t e r i a l  e m p l o y e d  w a s  r a n d o m l y  a r r a n g e d  a l p h a b e t s  o n  
t h e  s h e e t ,  a n d  t h e  d u r a t i o n  o f  t h e  t e s t  w a s  t w o  m i n u t e s .  T h e  r a t i o n a l e  
f o r  u s i n g  t h e  t e s t  w a s  t h a t  a n y  r e d u c t i o n  o f  a t t e n t i o n  i s  r e f l e c t e d  
d i r e c t l y  i n  t h e  s p e e d  o r  a c c u r a c y  o f  t h e  w o r k .
T h e  i n d e x  o f  a c c u r a c y  w a s  c o m p u t e d  a c c o r d i n g  t o  t h e  f o r m u l a :
A = C -  W 
C + 0
w h e r e  A = i n d e x  o f  a c c u r a c y
0  = t h e  n u m b e r  o f  l e t t e r s  e r r o n e o u s l y  o m i t t e d
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C = the number of letters crossed
W = the number of letters wrongly crossed
TYPING ERRORS
Performance tests used in the laboratory situation cannot be completely 
free of practice effect. There is always a possibility that a rhythm 
might be obscured because of the learning effect. In order to determine 
this possibility, performance scores were analysed in a more realistic 
situation; examining the typing errors of the professional typists as a n - 
index of mental alertness. The rationale underlying the use of this 
score was that the typists were performing a routine job involving 
concentration and alertness. It was assumed that lack of concentration 
would be reflected immediately in terms of increased number of errors.
It was expected that any rhythmic variation in vigilance and alertness 
would be comparatively simple to demonstrate in terms of reduced or 
increased number of mistakes. 'Besides providing more realistic scores, 
the measure had the added advantage of not being too stressful on the
part of the subjects. Moreover the scores provided information about
the individuals performance variation over the day instead of the 
restricted one particular time point.
The use of such scores, for the assessment of performance rhythm have 
certain drawbacks; variation in the hours of work, gaps in the study 
because of the weekends. However, it was possible to make some allowance 
for these problems, by increasing the length of the record.
The subjects in this group were provided with forms and they were 
instructed to mark a cross on the form every time they committed an 
error.
VISUAL ANALOGUE SCALE
The visual analogue scale is a graphic bipolar rating scale, comprising 
items dealing with subjective records of feelings and mood.
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In recent years analogue scale has increasingly been used inr subjective 
measurement of feeling and mood. The test has particularly been used 
in testing mood changes due to drug effects and was found to be useful 
in detecting small changes.
This, method of rating subjective feeling is shown to have advantages 
over self descriptive and observer rating scale which requires verbal 
sophistication on the part of the subject. In the analogue scale, 
however, the subject is required to judge the line perceptually and 
mark the point where he feels he is. The scale is particularly relevant 
in rhythm research because of its ease of frequent application without 
undue stress on the part of the subject, and the sensitivity of the 
scale to detect small changes.
The rating of subjective feeling through visual analogue scale was first 
performed by Hayes and Paterson ( 1 9 2 1 )  . Recently Joyce ( 1 9 6 8 )  used the 
scale for the study of time effect curve of common hyscine on mental 
alertness, and later by Beck et al ( 1 9 7 4 )  for the prediction of suicide.
Aitken et al ( 1 9 6 9 )  have shown the scale to be particularly reliable and 
valid for the assessment of mood in the depressed patients. This scale 
provides the patient with a language by which to communicate his 
feelings frequently its scores are emenable to parametric statistics 
allowing precise examination of the significance of any differences 
(Aitkens 1 9 6 9 ) .
B o n d  a n d  l^elcel f :  ( 1 9 7 4 )  a d m i n i s t e r e d  a  s e r i e s  o f  16  a n a l o g u e  s c a l e s ,  
d e s c r i b e d  b y  M a l p a s  ( 1 9 7 1 )  a n d  N o r r i s  ( 1 9 7 1 ) ,  t o  5 0 0  n o r m a l  s u b j e c t s  i n  
12 s e p a r a t e  g r o u p s .  T h e  r e s u l t s  w e r e  a n a l y s e d  b y  m e a n s  o f  f a c t o r  
a n a l y s i s  u s i n g  a  p r i n c i p a l  c o m p o n e n t  a n d  a n  o r t h o g o n a l  r o t a t i o n  o f  t h e  
f a c t o r  m a t r i x .  T h r e e  f a c t o r s  w h i c h  w e r e  s e l e c t e d  w e r e  a l e r t n e s s ,  
c o n t e n t e d n e s s  a n d  c a l m n e s s .  T h e  s c a l e  w a s  f o u n d  t o  b e  s e n s i t i v e  i n  
m e a s u r i n g  d r u g  e f f e c t s .
CONSTRUCTION OF THE SCALE
T he  a n a l o g u e  s c a l e  u s e d  i n  t h e  p r e s e n t  s t u d y  i s  a  m o d i f i e d  f o r m  o f  t h e  
s c a l e  d e s c r i b e d  b y  B o n d  a n d  A l y s o n .  T h e  s c a l e  c o n s i s t e d  o f  f i f t e e n  
i t e m s ,  e a c h  s c a l e  o f  10 0  m i l l i m e t r e  l e n g t h ,  p e r t a i n i n g  t o  s u b j e c t i v e  
f e e l i n g  o f  m o o d ,  h e a l t h  a n d  m e n t a l  a l e r t n e s s .
T o  i n v e s t i g a t e  w h e t h e r  t h e  s c a l e s  h a d va n y  common f a c t o r ,  t h e y  w e r e  
a d m i n i s t e r e d  t o  a  g r o u p  o f  1 0 0  n o r m a l  m a l e s  a n d  f e m a l e s  ( a g e  r a n g e  
f r o m  2 0 - 6 0  y e a r s ) . T h e  i n s t r u c t i o n s  g i v e n  t o  t h e  s u b j e c t s  w e r e  a s  
f o l l o w s  " P l e a s e  r a t e  t h e  w a y  y o u  f e e l  i n  t e r m s  o f  t h e  d i m e n s i o n s  
g i v e n  b e l o w .  R e g a r d  t h e  l i n e s  a s  r e p r e s e n t i n g  t h e  f u l l  r a n g e  o f  
e a c h  d i m e n s i o n .  R a t e  y o u r  f e e l i n g s  a s  t h e y  a r e  a t  t h e  m o m e n t .
Mark c l e a r l y  a n d  p e r p e n d i c u l a r l y  a c r o s s  e a c h  l i n e . "
S c o r i n g  o f  t h e  s c a l e s  w e r e  p e r f o r m e d  b y  m e a s u r i n g  i n  m i l l i m e t r e  f r o m  
t h e  e n d  o f  t h e  l i n e  t o  t h e  s u b j e c t s  m a r k .  A l o g  t r a n s f o r m a t i o n  w a s  
p e r f o r m e d  i n  e v e r y  a l t e r n a t e  s c a l e  w h i c h  w a s  r e v e r s e d  t o  p r e v e n t  
s k e w n e s s  o f  t h e  s c o r e s  o n  o n e  s i d e .  T h e  s c o r e s  w e r e  t h e n  s u b j e c t e d  t o  
a  f a c t o r  a n a l y s i s  p r o g r a m m e ,  c o n s i s t i n g  o f  s i x  F o r t r a n  s u b r o u t i n e  c a l l s  
o f  d a t a ,  c o r r e l a t i o n  c o e f f i c i e n t ,  e i g e n  a n a l y s i s ,  t r a c e ,  l o a d ,  a n d  
v a r r a x .  T h e  p r o g r a m m e  w a s  t e s t e d  a g a i n s t  a n  IBM S c i e n t i f i c  S u b r o u t i n e  
P a c k a g e  ( S S P ) . T a b l e s  V I I I  a n d  IX  s h o w  t h e  r o t a t e d  f a c t o r  m a t r i x  a n d  
t h e  c o m m u n a l i t i e s .  T h e  f i f t e e n  s c a l e s  s e e m  t o  s h o w  a  v e r y  c l e a r  
l o a d i n g  o n  e i t h e r  o f  t h e s e  f a c t o r s .
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T a b le  V I I I  R o t a t e d  F a c t o r  M a tr ix  (4  F a c t o r s )
S c a l e s
F a c t o r s
1 2 3 4
1 A l e r t . 7 9 9 . 177 . 0 2 5 . 0 6 6
2 C l e a r - h e a d e d . 7 7 4 . 0 2 1 . 0 4 8 . 2 7 0
3 Q u i c k - w i t t e d . 6 8 7 . 4 2 2 . 1 7 8 . 142
4 A t t e n t i v e . 7 4 3 . 1 4 5 . 0 4 9 . 0 4 0
5 I n t e r e s t e d . 3 9 0 . 7 6 8 . 1 1 8 . 0 1 3
6 C a l m . 0 8 1 . 0 0 3 . 8 7 3 . 1 8 7
7 C o n t e n t e d . 1 22 . 8 5 8 . 0 8 4 . 2 1 5
8 T r a n q u i l . 2 3 5 , . 3 6 7 . 4 9 7 . 4 6 1
9 H a p p y . 1 6 2 * . 7 9 7 . 1 5 5 . 3 5 4
10 G r e g a r i o u s . 2 2 4 . 1 3 9 . 2 0 3 . 5 7 1
11 S t r o n g . 6 4 9 . 4 9 1 . 0 9 9 . 0 9 0
12 W e l l - c o o r d i n a t e d . 6 2 1 . 0 8 8 . 3 7 2 . 1 5 7
13 E n e r g e t i c . 7 5 7 . 3 0 1 . 1 5 9 . 0 3 5
14 C o m p e t e n t . 7 1 2 . 1 6 4 . 1 4 3 . 3 3 0
15 S l e e p i n g  w e l l . 0 1 3 . 1 5 2 . 0 1 7 . 7 7 2
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T a b le  IX  C heck  on  C o m m u n a l i t ie s
S c a l e s
C o m m u n a l i t i e s
O r i g i n a l F i n a l D i f f e r e n c e
1 . 6 7 4 9 3 . 6 7 4 9 2 0 . 0 0 0 0 0
2 . 6 7 5 9 9 . 6 7 5 9 9 0 . 0 0 0 0 0
3 . 7 0 2 3 6 . 7 0 2 3 6 0 . 0 0 0 0 0
4 . 5 7 7 7 5 . 5 7 7 7 5 0 . 0 0 0 0 0
5 . 7 5 7 3 9 . 7 5 7 3 8 0 . 0 0 0 0 0
6 . 8 0 4 7 4 . 8 0 4 7 4 0 . 0 0 0 0 0
7 . 8 0 5 3 0 . 8 0 5 2 9 0 . 0 0 0 0 0
8 . 6 5 1 0 9 . 6 5 1 0 9 0 . 0 0 0 0 1
9 . 8 1 2 7 8 . 8 1 £ 7 7 0 . 0 0 0 0 1
10 . 4 3 8 3 5 . 4 3 8 3 4 0 . 0 0 0 0 0
11 . 6 8 1 1 4 . 6 8 1 1 4 0 . 0 0 0 0 0
12 . 5 5 7 2 6 . 5 5 7 2 6 0 . 0 0 0 0 0
13 . 6 9 1 5 5 . 6 9 1 5 5 0 . 0 0 0 0 0
14 . 6 6 3 8 1 . 6 6 3 8 1 0 . 0 0 0 0 0
15 . 6 2 1 2 5 . 6 2 1 2 4 o .ooooo  j
T a b l e  X s h o w s  t h e  a l l o c a t i o n  o f  t h e  s c a l e s  a c c o r d i n g  t o  t h e  f a c t o r  i n  
w h i c h  t h e y  s h o w  t h e  h i g h e s t  l o a d i n g s .
T h e  f a c t o r  l o a d i n g s  o b s e r v e d  i n  t h e  p r e s e n t  a n a l y s i s  s e e m  t o  b e  
s i m i l a r  t o  t h o s e  ma d e  b y  B o n d  a n d  L a d e r  ( 1 9 7 4 ) .  I n  b o t h  a n a l y s e s ,  a  
f a c t o r  o f  a l e r t n e s s  i s  i s o l a t e d ,  a n d  n o t  much  d i f f e r e n c e  i s  s h o w n  
b e t w e e n  m e n t a l  a n d  p h y s i c a l  a s p e c t s ,  t h o u g h  t h e  p r e s e n t  a n a l y s i s  r e v e a l s  
a  s i g n i f i c a n t  f a c t o r  o f  h e a l t h .  B o n d  a n d  L a d e r  (o p .  c i t - )  h a v e  
d i s t i n g u i s h e d  a  s e c o n d  f a c t o r  o f  h a p p i n e s s  w h i c h  h a s  t h e  s e c o n d  h i g h e s t  
l o a d i n g  i n  t h e  s e c o n d  f a c t o r ,  t h o u g h  t h e  h i g h e s t  l o a d i n g  i s  o n  t h e  f a c t o r , ,  
o f  c o n t e n t e d n e s s .  B o t h  a n a l y s e s  h a v e  r e v e a l e d  a  t h i r d  f a c t o r  o f  c a l m n e s s .
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T a b le  X F a c t o r  L o a d in g s
F a c t o r S c a l e s L o a d i n g s
1 (8 s c a l e s ) 1 A l e r t  ...................................... . 7 9 9 0 1
2 C l e a r - h e a d e d . 7 7 4 4 9
. 4 A t t e n t i v e  ........................... . 7 4 3 3 2
13 E n e r g e t i c  ........................... . 7 5 7 6 1
14 P r o f i c i e n t  ........................... . 7 1 2 1 0
3 Q u i c k - w i t t e d . 6 8 7 2 5
11 S t r o n g  ........................... . 6 4 9 5 6
12 C l u m s y  ...................................... W e l l - c o o r d i n a t e d . 6 2 1 0 2
2 (3 s c a l e s ) 7 C o n t e n t e d  . .  . . 4 . 8 5 8 2 5
9 H a p p y  ...................................... . 7 9 7 7 2
5 I n t e r e s t e d  ........................... . 7 6 8 5 5
3 (2 s c a l e s ) 6 C a l m  ...................................... . 8 7 3 5 6
8 T r a n q u i l  ........................... . 4 9 7 3 1
4 (2 s c a l e s ) 9 S l e e p i n g  w e l l S l e e p i n g  p o o r l y . 7 7 2 9 3
10 G r e g a r i o u s  ........................... . 5 7 1 5 9
T h u s  t h e  t e s t  d o e s  s e e m  t o  m e a s u r e  s u b j e c t i v e  f e e l i n g s  o f  m e n t a l  
a l e r t n e s s ,  e m o t i o n s  a n d  p h y s i c a l  h e a l t h .
I t  w a s  t h e r e f o r e  d e c i d e d  t o  u s e  t h e  s c a l e  f o r  t h e  r h y t h m  s t u d y ,  w i t h  t h e  
a d d e d  i n s t r u c t i o n  t o  t h e  s u b j e c t s  t o  k e e p  t h e  t i m i n g  o f  t h e  r e c o r d  
c o n s t a n t .
3 - 2 . 1 . 3  SAMPLING INTERVAL
B i o l o g i c a l  r h y t h m  d a t a  a r e  i n h e r e n t l y  m o r e  " n o i s y "  t h a n  d a t a  i n  t h e  
e x a c t  s c i e n c e s .  T h e r e  a r e  s e v e r a l  s o u r c e s  o f  t h e  n o i s e .  F i r s t l y  t h e  
s y s t e m  o f  m e a s u r e m e n t  i t s e l f  c a u s e s  s o m e  d i s t u r b a n c e .  S e c o n d l y  " n o i s e "  
may a r i s e  f r o m  t h e  c o m p l e x  n a t u r e  o f  t h e  o r g a n i s m .  S i n c e  i t  i s  s e l d o m  
p o s s i b l e  t o  i s o l a t e  t h e  p a r t i c u l a r  f u n c t i o n  u n d e r  s t u d y  c o m p l e t e l y  f r o m
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On time-versus-event graphs, it is difficult to distinguish between 
random noise and real information; even with sensitive measures and 
careful selection of the sample. There is always the possibility that 
the rhythms recorded may be affected by the mode adopted for their 
observation. Thus it is important to devote careful attention to the 
choice of time points of observation;'this avoids the risk of missing 
the essential features of the phenomenon, which may arise due to the 
sparsity of the time points.
The best solution to the above problem is continuous observation of the 
parameter. In most cases, however, continuous recording is not feasible 
because the amount of stress which the individual can tolerate, and the 
expense involved. Moreover, some measures are discontinuous in 
themselves, such as activity, which is recorded as activity per time 
unit. Interval sampling, therefore, is a generally acceptable compromise 
in behavioural studies and has proved to be efficient when the time 
interval itself is small enough.
Interval sampling may be defined as a means of choosing bits of 
information, when difficulties are involved in the collection and 
utilisation of all the data.in the rhythm curve. There is often some 
conflict of interest in selecting.the best sets of time points of 
observation. The important factor to be considered in this connection 
is that the frequency of observation must be such that there is 
minimum risk of alaising in the analysis of the data. Alaising is a 
limiting value which occurs when the sampling period deviates from the 
natural variate. It is essential, therefore, to choose the sampling 
interval in such a way that alaising is reduced to an acceptable range.
In time series analysis, alaising is also referred to as the Nyquist 
frequency. That is, from a time interval between observations it is 
not possible to detect differences smaller than 2 t O (between two 
closest observed points) or angular frequencies higher than t 1/ t O
t h e  r e s t  o f  t h e  o r g a n i s m .
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( a n g u l a r  f r e q u e n c i e s  a r e  e x p r e s s e d  i n  r a d i a n s ,  t 1 r a d i a n s  b e i n g  1 8 0 ° ,  
t h a t  i s ,  o n e  c o m p l e t e  c y c l e ) .  T h e  f r e q u e n c y  f N = 1 ( 2 A )  ( w h e r e  f  i s  t h e  
f r e q u e n c y ,  N i s  t h e  n u m b e r  o f  v a r i a t e  v a l u e s ,  A i s  t h e  s a m p l i n g  i n t e r v a l )  
i s  c a l l e d  t h e  N y q u i s t  f r e q u e n c y  w h i c h  c a n  b e  d e t e c t e d  w i t h  d a t a  s a m p l e d  
a t  i n t e r v a l s  A.
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i t  w a s  a t t e m p t e d  t o  s e a r c h  f o r  l o n g  t e r m  
r h y t h m i c  v a r i a t i o n s .  T h e  f i r s t  p r o b l e m  w a s  t o  m i n i m i s e  t h e  
i n t e r f e r e n c e  o f  c i r c a d i a n  f l u c t u a t i o n  f r o m  t h e  o b s e r v a t i o n .  A l m o s t  a l l  
t h e  p a r a m e t e r s  r e c o r d e d  i n  t h e  p r e s e n t  s t u d y  a r e  k n o w n  t o  d i s p l a y  s t r o n g  
2 4 - h o u r  p e r i o d i c i t y ,  w h i c h  m i g h t  o b s c u r e  t h e  t r u e  l o n g  t e r m  p e r i o d i c i t y ,  
i f  t h e s e  a r e  n o t  t a k e n  i n t o  a c c o u n t .  One  m e t h o d  o f  m i n i m i s i n g  t h e  r i s k  
w a s  t o  r e p e a t  t h e  o b s e r v a t i o n  d u r i n g  t h e  d a y  a s  w e l l  a s  o v e r  t h e  d a y s .  
H o w e v e r ,  t h i s  w a s  n o t  p r a c t i c a l .  S i n c e  t h e  r e c o r d i n g  o f  t h e  d a t a  w a s  
l i m i t e d  t o  s i n g l e  o b s e r v a t i o n  p e r  d a y , ' t h e  n e x t  b e s t  t h i n g  t o  d o  w a s  t o  
k e e p  t h e  f a c t o r  o f  t i m i n g  c o n s t a n t .
It was decided to study the phenomenon daily, at the same time each day. 
The subjects could thus reasonably be expected to co-operate in the 
study with less stressful and relatively less demanding testing schedule.
The period of recording was kept to a minimum of forty days, in some 
cases it was extended to as much as 120  days. Obviously the longer the_ 
period of recording the better the chance of identifying existing 
rhythms. Since information on the hypothetical rhythms would be a 
function of duration of measurement. Moreover, it was decided to try 
a large sample since considerable individual difference was expected to 
occur.
Even with the reasonably close sampling interval and prolonged duration 
of study the problem of alaising still exists. It was therefore decided 
to preprocess the data or 'smooth1 the data before subjecting it to 
periodic analysis, to avoid Nyquist frequency. This will be discussed 
in greater detail in the section of data analysis ( Section 3 . 2 . 1 . 4 ) .
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T h e  t e c h n i q u e s  u s e d  t o  a n a l y s e  t h e  d a t a  i n  t h i s  t h e s i s  a r e  b r o a d l y  
d e f i n e d  a s  H a r m o n i c  A n a l y s i s  o f  T i m e  S e r i e s  (H A T S ) . T h i s  t e c h n i q u e  h a s  
b e e n  u s e d  i n  a  v a r i e t y  o f  d i s c i p l i n e s  i n c l u d i n g  p s y c h o p h y s i o l o g y  (O rr  
a n d  N a i t o h  1 9 7 6 ;  S o l o g u b  1 9 6 7 ) ,  b i o l o g y  a n d  m e d i c i n e  ( H a l b e r g  a n d  H a u s s  
1 9 6 2 ;  M e r c e r  1 9 6 0 ; W a l t e r  a n d  A d e y  1 9 6 3 ;  W a l t e r  1 9 6 0 ;  W e v e r  1 9 6 5 ,  1 9 6 6 ;  
W i n f r e e  1 9 6 7 ;  Z a t s i o r s k i i  a n d  S a r s a n ’i y a  1 9 6 6 )  , e c o n o m i c s  
(W o ld  1 9 5 4 ;  Y u l e  1 9 2 7 )  a n d  r a d a r  e n g i n e e r i n g  amon g  o t h e r s .  M o s t  
o f  t h e  a u t h o r s  c l a i m  t o  h a v e  u s e d  t h e  t e c h n i q u e  e f f e c t i v e l y  i n  e a c h  
c a s e .
O r r  a n d  N a i t o h  (o p .  c i t - )  h a v e  r e m a r k e d  t h a t  " i t  i s  t i m e  f o r  
p s y c h o p h y s i o l o g y  t o  e x p a n d  i t s  h o r i z o n  b y  i n c l u d i n g  T i m e - s e r i e s  a n a l y s i s  
p r o c e d u r e  a s  a  p a r t  o f  i t s  n o r m a l  a r m a á i e n t " , b e c a u s e  t h e  m e t h o d s  o f  HATS 
l e n d  t h e m s e l v e s  n a t u r a l l y  t o  m o r e  s o p h i s t i c a t e d  i n f e r e n c e s  a s  t o  
p s y c h o p h y s i o l o g i c a l  m e c h a n i s m s ' .
T h e  f i r s t  p a r t  ( 3 . 2 . 1 . 4 . 1 )  o f  t h i s  s e c t i o n  i n c l u d e s  t h e  d e f i n i t i o n  o f  
t e r m s  u s e d  i n  HATS.  Some  o f  t h e  t e r m i n o l o g y  h a s  a l r e a d y ,  b e e n  r e f e r r e d  
t o  i n  t h e  c h a p t e r  o f  B a s i c  C o n c e p t s  ( 2 . 0 )  a n d  w i l l  o n l y  b e  c o n s i d e r e d  
b r i e f l y .  T h e  t e r m s  s p e c i f i c  t o  HATS w i l l  b e  e x p l a i n e d  i n  g r e a t e r  
d e t a i l .  I t  i s  w e l l  k n o w n  t h a t  s e v e r a l  d i f f e r e n t  t y p e s  o f  H a r m o n i c  a n a l y s e s  
e x i s t .  A b r i e f  s u r v e y  o f  t h e s e  d i f f e r e n t  m e t h o d s  i s  p r e s e n t e d  i n  P a r t  
3 . 2 . 1 . 4 . 2 ,  a n d  i n  P a r t  3 . 2 . 1 . 4 . 3  t h e  e m p h a s i s  i s  o n  m e t h o d s  / o f  p o w e r  
s p e c t r u m  a n a l y s i s  d u e  o r i g i n a l l y  t o  F o u r i e r  ( 1 7 6 8 - 1 8 3 0 ) 7 .  P a r t  3 . 2 . 1 . 4 . 4  
c o n t a i n s  a  d i s c u s s i o n  o f  F i s c h e r ' s  F - r a t i o  a s  a p p l i e d  t o  t h e  p o w e r  s p e c t r u m  
a n a l y s i s .
F i g u r e  1 g i v e s  a  s c h e m a t i c  o r g a n i s a t i o n  o f  t h e  d i f f e r e n t  s t e p s  o f  a n a l y s i s  
u s e d  i n  t h i s  t h e s i s .  T h e  a b b r e v i a t i o n  FATS i n  t h i s  f i g u r e  s t a n d s  f o r  t h e  
F o u r i e r  A n a l y s i s  o f  T i m e  S e r i e s .
3 . 2 . i . 4 DATA ANALYSIS
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FIGURE 1
TIME SERIES
S c h e m a t i c  o r g a n i s a t i o n  o f  s t e p s  o f  a n a l y s i s
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1 WAVES; P r o p o g a t i o n  o f  a  d i s t u r b a n c e  f r o m  o n e  p o i n t  i n  a  m e d i u m  
t o  o t h e r  p o i n t s .  An i m p o r t a n t  c h a r a c t e r i s t i c  o f  a  w a v e  i s  t h a t  i t  
d o e s  n o t  c a u s e  a n y  p e r m a n e n t  d i s p l a c e m e n t  i n  t h e  m e d i u m  i t s e l f .
I n  t h i s  s t u d y  t h e  w a v e  i s  d e s c r i b e d  i n  t e r m s  o f  i t s  a m p l i t u d e  a n d
i t s  v a r i a t i o n  i n  t i m e .
2 PERIODIC WAVES: A p e r i o d i c  w a v e  r e p e a t s  i t s  p a t t e r n  e x a c t l y  a t
i n t e r v a l  l e n g t h  o f  I E - T h e  s p e c t r u m  o f  a  p e r i o d i c  w a v e  i s  d i s c r e t e ,  
b e c a u s e  i n  o r d e r  f o r  a  w a v e  t o  b e  p e r i o d i c  w i t h  a n  i n t e r v a l  l e n g t h  
II I ,  ^ e  w a v e  l e n g t h s  o f  i t s  F o u r i e r  c o m p o n e n t s  m u s t  b e  m e m b e r s  o f  
t h e  s e q u e n c e
n l ' j  n l '  j  n l /  *•• ^  n l>
w h e r e  n  i s  a n  i n t e g e r  (n  = 1 ,  2 ,  3 . . . ) .  T h e  t i m e  t a k e n  t o  c o m p l e t e  
o n e  c y c l e  ( s e e  2 . 0 )  i s  c a l l e d  t h e  p e r i o d  ( 2 . 0 )  a n d  t h i s  i s  t h e  t i m e  
f o r  t h e  w a v e  t o  t r a v e l  a  d i s t a n c e  II r a d i a n s  ( r a d i a n s  w i l l  b e
a s s u m e d  e a c h  t i m e  II i s  m e n t i o n e d )  .
2 a  SINE WAVE: A s i n e  w a v e  i s  a  p a r t i c u l a r  w a v e  p a t t e r n  i n  w h i c h
p o s i t i v e  a n d  n e g a t i v e  p u l s e s  a l t e r n a t e  s u c c e s s i v e l y  ( s e e  F i g u r e  2 ) .
FIGURE 2
3 . 2 . 1 .  4 .1  BASIC CONCEPTS
Sine Wave
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T h e  d i s t a n c e  b e t w e e n  n e i g h b o u r i n g  p o s i t i v e  p e a k s  i s  a  c o n s t a n t  
c a l l e d  t h e  w a v e  l e n g t h ,  JI o f  t h e  w a v e .  T he  k i n d  o f  w a v e  p a t t e r n  i s  
s a i d  t o  b e  p e r i o d i c  b e c a u s e  t h e  p a t t e r n  r e p e a t s  i t s e l f  e x a c t l y  a t  
i n t e r v a l s  o f  II. T h e  a c t u a l  s h a p e  o f  a r s i n e  w a v e  i s  r e l a t e d  t o  a  
t r i g n o m e t r i c  s i n e .  T h e  i n t e r v a l  b e t w e e n  x  = 0  a n d  x  = II h a s  b e e n  
d i v i d e d  i n t o  3 6 0  e q u a l  d i v i s i o n s  c o r r e s p o n d i n g  t o  t h e  3 6 0 °  i n  a  
c i r c l e .  T he  p o i n t s  i n  o n e  w a v e  l e n g t h  o f  a  s i n e  w a v e  a r e  a s s o c i a t e d  
w i t h  p o i n t s  i n  a  c i r c l e ,  b e c a u s e  a  s i n e  w a v e  r e p e a t s  a f t e r  1 w a v e  
l e n g t h ,  j u s t  a s  a  c i r c l e  r e p e a t s  a f t e r  3 6 0 ° .  '
The sine wave is a basic function employed in Fourier analysis.
I t  c a n  b e  s h o w n  t h a t  a n y  c o m p l e x  m o t i o n  i n  a  s y s t e m  c a n  b e  
d e s c r i b e d  a s  t h e  s u p e r p o s i t i o n  o f  s i n e  w a v e s  h a v i n g  c e r t a i n  
a m p l i t u d e s  a n d  p h a s e  r e l a t i o n s h i p s ,  i n  t h i s  s t u d y  t h e  f u n c t i o n  i s  
n o t  r e g a r d e d  a s  a  s i n e  w a v e  a s  s u c h ,  b u t  t h r o u g h  t h e  F o u r i e r  t h e o r e m  
i t  i s  d e c o m p o s e d  i n t o  s i n e  a n d  c o s i n e  w a v e s .
2b  COSINE WAVE: T h e  c o s i n e  w a v e  i s  e q u a l  i n  s h a p e  t o  a  s i n e  w a v e
b u t  d i f f e r s  9 0 °  i n  p h a s e .
2 c  AMPLITUDE: A m p l i t u d e  i s  t h e  maximum e x c u r s i o n  o f  t h e  s i n e  a n d
c o s i n e  w a v e s  ( F i g u r e  2 ) ,  a b o v e  o r  b e l o w  t h e  m e a n  v a l u e  ( s e e  2 . 0 ) .
The square of the amplitude is referred to as the power.
2 d  FREQUENCY; T h e  i n v e r s e  o f  t h e  p e r i o d  i s  t h e  f r e q u e n c y ,  t h a t  i s ,
t h e  n um be r ,  o f  c o m p l e t e  o s c i l l a t i o n s  i n  u n i t  t i m e  o f  a  v i b r a t i n g  
s y s t e m ,  u s u a l l y  s t a t e d  a s  v i b r a t i o n s  p e r  s e c o n d  o r  c y c l e s  p e r  
s e c o n d  ( s e e  2 . 0 ) ,  r e f e r r e d  t o  a s  h e r t z  u n i t s .
3 HARMONICS; I t  i s  a  s i n u s o i d a l  ( s e e  2 . 0 )  q u a n t i t y ,  h a v i n g  a
f r e q u e n c y  t h a t  i s  a n  i n t e g r a l  m u l t i p l e  o f  t h e  f r e q u e n c y  o f  a  p e r i o d i c  
q u a n t i t y  t o  w h i c h  i t  i s  r e l a t e d .  A h a r m o n i c  s e r i e s  o f  s o u n d s  i s  o n e  
i n  w h i c h  t h e  b a s i c  f r e q u e n c y  o f  e a c h  s o u n d  i s  a n  i n t e g r a l  m u l t i p l e  
o f  s o m e  f u n d a m e n t a l  f r e q u e n c y .  T h e  name  e x i s t s  f o r  h i s t o r i c a l  
r e a s o n s /  a n  i d e a l  s t r i n g  c a n  v i b r a t e  a s  a  w h o l e  o r  i n  a  n u m b e r  o f
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1
e q u a l  p a r t s , a n d  t h e  r e s p e c t i v e  p e r i o d s  o f  v i b r a t i o n  a r e  
p r o p o r t i o n a l  t o  t h e  l e n g t h s .  T h e s e  i n c r e a s i n g l y  s h o r t e r  l e n g t h s  
o r  p e r i o d s  f o r m  a  h a r m o n i c  s e r i e s : t h e  name  ca m e  f r o m  t h e  
h a r m o n i o u s  r e l a t i o n s  o f  s u c h  s o u n d s .  H a r m o n i c  m o t i o n  i s  t h e  
t y p i c a l  m o t i o n  o f  m o s t  s i m p l e  s y s t e m s  t h a t  h a v e  b e e n  d i s p l a c e d  
f r o m  a  p o s i t i o n  o f  s t a b l e  e q u i l i b r i u m  a n d  t h e n  r e l e a s e d .
Now i f  x  r e p r e s e n t s  t h e  d i s p l a c e m e n t  m e a s u r e d  f r o m  t h e  m i d  p o i n t  
a t  t i m e  t  t h e n  h a r m o n i c  m o t i o n  c a n  b e  d e s c r i b e d  b y  e i t h e r  o f  t h e  
f o l l o w i n g  f o r m s .
x  =  A c o s ( w t )  +  B s i n ( w t )  ( 1 )
o r  x  =  C s i n ( w t  -  6) ( 2 )
L e t  A =  -C  s i n  6 w h e n  t a n  6 =  iQ .
B
B =  C cos 6 when C 2 = A2 -  B 2
x = -sin 6 cos(wt) + cos <S sin(wt)
w h i c h  i s  s i m p l y
x  = C s i n ( w t  -  6)
T h e  a m p l i t u d e  C r e p r e s e n t s  maximum d i s p l a c e m e n t  i n  o n e  d i r e c t i o n  
f r o m  t h e  c e n t r e  ( h a l f  t h e  t o t a l  m o t i o n  f r o m  t h e  e x t r e m e  p o s i t i o n ) . 
6 i s  t h e  p h a s e  a n g l e  w h o s e  v a l u e s  d e p e n d  o n  t h e  p r e c i s e  i n s t a n t  a t  
w h i c h  t h e  o s c i l l a t i o n  w a s  s t a r t e d .  T h e  r e m a i n i n g  c o n s t a n t  w i s  
k n o w n  a s  t h e  a n g u l a r  f r e q u e n c y .  D i m e n s i o n a l l y  w i s  t h e  r e c i p r o c a l  
o f  t i m e .  T h u s  t h e  p r o d u c t  w t  i s  p u r e  n u m b e r  t o  b e  i n t e r p r e t e d  a s  
a n  a n g l e  m e a s u r e d  i n  r a d i a n s .
I n  r h y t h m  r e s e a r c h  t h e  o r g a n i s m s  f u n c t i o n i n g  i s  r e g a r d e d  a s  
o s c i l l a t i n g  h a r m o n i c a l l y ,  t h a t  i s  t h e  s y s t e m  i s  c o n s i d e r e d  t o  b e  
b o u n d  t o  a  p o s i t i o n  o f  s t a b l e  e q u i l i b r i u m  b y  a  r e s t o r i n g  f o r c e  
p r o p o r t i o n a l  t o  t h e  l i n e a r  o r  a n g u l a r  d i s p l a c e m e n t  f r o m  t h i s
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3 a  SPECTRUM: R e p r e s e n t a t i o n  o f  a  c l a s s  o f  s i m i l a r  e n t i t i e s  a r r a y e d
i n  o r d e r  o f  i n c r e a s i n g  o r  d e c r e a s i n g  m a g n i t u d e .  I n  t h i s  t h e s i s  i t  
i s  a  d i s p l a y  o f  t h e  a m p l i t u d e  a n d  f r e q u e n c i e s  o f  t h e  c o m p o n e n t  o f  
t h e  p e r i o d i c  w a v e .
T he  t e r m  i s  a p p l i e d  b y  p h y s i c a l  a n a l o g y  t o  t h e  g r a p h i c a l  
r e p r e s e n t a t i o n  o f  t h e  s p e c t r a l  f u n c t i o n s  o r  s p e c t r a l  d e n s i t y  
f u n c t i o n .  I t  i s  a  c o n v e n i e n t  w a y  o f  s p e c i f y i n g  a  w a v e  u n i q u e l y .
3b  POWER SPECTRUM: An a l t e r n a t i v e  name  f o r  t h e  s p e c t r a l  d e n s i t y
f u n c t i o n ,  w h i c h  i s  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  r a d i a n t  e n e r g y  
t h r o u g h o u t  t h e  s p e c t r u m .  I n  f r e q u e n c y  a n a l y s i s  p o w e r  i s  u s u a l l y  
r e c o r d e d  a s  t h e  s q u a r e  o f  t h e  a m p l i t u d e .  S i n c e  t h e  a m p l i t u d e  i s  
c a l c u l a t e d  f r o m  t h e  c e n t r a l  l e v e l  u p w a r d s  o r  d o w n w a r d s ,  t h e  p o w e r  
i s  r e l a t e d  t o  t h e  v a r i a n c e  e s t i m a t e  i n  s t a t i s t i c s  ( S o l l b e r g e r  1 9 6 5 ) .
3 c  HARMONIC AN A LY SIS : A m e t h o d  f o r  a n a l y s i n g  p e r i o d i c  f u n c t i o n
( s e e  S o l l b e r g e r  o p  c i t ) . I t  i s  a l s o  r e f e r r e d  t o  a s  F o u r i e r  a n a l y s i s .  
A c o m p l i c a t e d  f u n c t i o n  c o n s i d e r e d  o v e r  a  f i n i t e  o r  i n f i n i t e  i n t e r v a l  
may b e  r e s o l v e d  b y  t h e  F o u r i e r  t e c h n i q u e  i n t o  a n  i n f i n i t e  sum o f  
t e r m s  o f  s i m p l e  s i n u s o i d a l  c o m p o n e n t s .
O n l y  i d e a l  s y s t e m s  c a n  o s c i l l a t e  w i t h  a  s i n g l e  f r e q u e n c y  o r  r h y t h m .  
T h u s  a n y  p h y s i c a l  s y s t e m  w h i c h  i s  o b s e r v e d  t o  d i s p l a y  r h y t h m s , t h e r e  
i s  a l w a y s  m o r e  t h a n  o n e  f r e q u e n c y  a t  w h i c h  t h e  s y s t e m  i s  o s c i l l a t i n g .  
T h e r e  may  s t i l l  b e  a  f u n d a m e n t a l  f r e q u e n c y  b u t  d u e  t o  e x t e r n a l  
d i s t u r b a n c e s  a n d  i n  s o m e  c a s e s  d u e  t o  t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  
s y s t e m ,  o n e  o b s e r v e s  h a r m o n i c s .  T h e s e  h a r m o n i c s  may  h a v e  d i f f e r e n t  
a m p l i t u d e s  a n d  h a v e  s u c h  p h a s e  r e l a t i o n s h i p s  w i t h  o n e  a n o t h e r  a n d  
w i t h  t h e  f u n d a m e n t a l  f r e q u e n c y ,  s o  a s  t o  r e i n f o r c e  t h e m  ( o b s e r v e d  
a s  i n c r e m e n t  i n  a m p l i t u d e )  e a c h  o t h e r  o r  v i c e  v e r s a  ( o b s e r v e d  a s  
w e a k  s i g n a l s ) .
p o s i t i o n .  T h e r e f o r e  t h e  u s e  o f  h a rm o n ic  a n a l y s i s , i s  j u s t i f i e d .
L
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4 FOURIER ANA LYSIS: M a t h e m a t i c a l  t o o l  f o r  t h e  s t u d y  o f  p e r i o d i c
p h e n o m e n o n ,  now an  i n d i s p e n s a b l e  t o o l  i n  r h y t h m  s t u d y .  H e r e ,  a  
f u n c t i o n  f  o f  a  r e a l  v a r i a b l e  i s  s a i d  t o  b e  p e r i o d i c  w i t h  p e r i o d  
T i f
f  ( t  +  T) = f  ( t )
f o r  e a c h  t .  T h e  s i m p l e s t  e x a m p l e  o f  f u n c t i o n  w i t h  a  g i v e n  p e r i o d  
T i s  p u r e  h a r m o n i c s , t h a t  i s , f u n c t i o n  o f  t h e  f o r m
CO
f ( t )  =  E (a. ,  c o s  n m t  + b n  s i n  w t )  
n = 0  n
w h e r e  to = 2IIT- 1  i s  t h e  f u n d a m e n t a l  f r e q u e n c y  a n d  a n a n d  b n  a r e  
c o n s t a n t s . T he  b a s i c  i d e a  i s  t h a t  a n y  p e r i o d i c  f u n c t i o n  c o u l d  b e  
b r o k e n  down  i n t o  i t s  c o m p a r a t i v e l y  s i m p l e  c o m p o n e n t .
5 ASSORTED CONCEPTS:
5 a  A L A I S ; T h i s  t e r m  i s  u s e d  i n  t w o  b r a n c h e s  o f  s t a t i s t i c a l  a n a l y s i s /  
i n  c o n n e c t i o n  w i t h  d e s i g n  o f  e x p e r i m e n t s ,  w h e n  a  f a c t o r i a l  d e s i g n  
i s  o n l y  f r a c t i o n a l l y  r e p l i c a t e d  c e r t a i n  c o m p a r i s o n s  d o  n o t  
d i s t i n g u i s h  b e t w e e n  s o m e  o f  t h e  t r e a t m e n t  c o m b i n a t i o n s ,  t h e s e  a r e  
s a i d  t o  b e  a l a i s e s .  I n  c o n n e c t i o n  w i t h  t h e  p r e s e n t  a n a l y s i s ,  t h a t  
i s ,  t h e  s p e c t r u m  a n a l y s i s  o f  t h e  t i m e  s e r i e s  a n  a n a l o g o u s  c o n c e p t  
a r i s e s ,  b e c a u s e  a  s i n g l e  w i d t h  o f  t h e  i n t e r v a l  o f  o b s e r v a t i o n  d o e s  
n o t  p e r m i t  a  d i s t i n c t i o n  b e t w e e n  c e r t a i n  a n g u l a r  f r e q u e n c i e s  
( J e n k i n s  a n d  W a t t s  1 9 6 9 ) .  A l a i s i n g  i s  a l s o  r e f e r r e d  t o  a s  t h e  
N y q u i s t  f r e q u e n c y ,  t h a t  i s ,  t h e  h i g h e s t  f r e q u e n c y  w h i c h  c a n  b e  
d e t e c t e d  w i t h  d a t a  s a m p l e d  a t  i n t e r v a l s  A.
5b  RESOLUTION: A t e r m  u s e d  i n  a  n u m b e r  o f  s p e c i f i c  a r e a s  i n  s c i e n c e
t o  d e n o t e  t h e  p r o c e s s  o f  s e p a r a t i n g  c l o s e l y - r e l a t e d  f o r m s  o r  
e n t i t i e s  o r  t h e  d e g r e e  t o  w h i c h  t h e y  c a n  b e  d i s c r i m i n a t e d .  T h e • 
t e r m  i s  m o s t l y  u s e d  t o  d e n o t e  t h e  s m a l l e s t  c h a n g e  i n  w a v e  l e n g t h  
w h i c h  a  s p e c t r o m e t e r  c a n  d i f f e r e n t i a t e .  I n  t h i s  s e n s e  i t  i s
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defined as the ratio of the average wave length (wave number of 
frequency) of two spectral lines, which can just be detected as a 
doublet to the difference in their wave lengths.
5c SMOOTHING: The process of removing fluctuation in an ordered
, series so that the result shall be smooth in the sense that the 
first differences are regular and higher order differences small 
(Jenkins and Watts op cit) . In .’this way degradation of results by 
computational noise and distortion may often be reduced. Since the 
spectrum of a transformed input is analysed, such a transformation 
aids accurate computation and is also termed pre-whitening 
(Tukey 1958).
5d STATIONARY TIME SERIES: A time series is said to be stationary
when the period, amplitude and phase are constant and differ from 
cycle to cycle due only to random errors (Hetherington and Winget 
1971). That is, a time series having stable statistical properties 
in the following sense. Suppose x(t) denotes the value of a variable 
of time t. If t is held fixed and an indefinite series of 
repetition occur in essentially the same generating process giving 
rise to a population (ensemble) of value of x(t). For a stationary 
time series the ensemble probability distribution one is 
capitalising on the fact that measurable events are occurring in 
the absence of any intervention. It is when part of the system is 
driven so that the measured response can only be obtained by a 
triggering stimulus that the possibility arises that the 
phenomenon will not remain stationary.
3.2.1.4.2 TECHNIQUES OF TIME SERIES
The mathematical tools of time series analysis, most widely used in 
biological rhythm research are (1) Auto-correlation analysis (2) Cosinor 
technique and (3) Fourier analysis.
1 AUTO-CORRELATION ANALYSIS
Auto-correlation or serial correlation analysis was developed by Yule 
(1927), and is sometimes referred to as lag correlation. It is the 
amount of interdependency between the observation obtained at different 
equally spaced points in time. That is, by similarly shifting and 
multiplying a function by an exact replicate of itself. The rhythm 
curve is as it were duplicated and simultaneous values on two curves 
correlated. Since the data is identical the correlation is always 
maximal (r = 1). One of the curve is then moved a step (lag) and a new 
correlation is obtained. When the curves are maximally out of phase, 
they will tend towards inverse values, the r towards -1. In the first 
step with zero lag (lag is the difference in time-epoch of two events 
or values considered together) they contribute fully. In the following 
steps they still contribute to the r o^ing to serial coefficients but at 
longer lag they will average out completely.
By plotting the coefficients for successively lagged period a correlogram 
is obtained, which shows the degree of dependency throughout the series 
together with the time pattern of the period to period changes. That is, 
it simply reproduces the sine curve. The cycle and trend in the data are 
reflected directly in the correlogram. The correlogram though yields no 
analysis of the various components into hidden periodicity or their 
phase changes.
The auto-correlation function is useful in some situations because it 
gives a visual picture of the way in which the dependence in the series 
damps out with the lag between points in the series. There is no doubt 
that, for the time series analysis which consists of periodic and random 
components, auto-correlation function is helpful in separating them. In 
searching for periodicity, therefore, the function may be used as it 
stands and the periodicity read-off directly. However, the function is 
sometimes difficult to interpret because neighbouring values can be 
highly correlated (Mercer 1960) . Particularly if several non-hormonic 
frequencies are present. Moreover, the correlogram presents some
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difficulties in terms of further statistical evaluation ,(Orrrand 
Naitoh 1976).
2 COSINOR TECHNIQUE
Cosinor technique was developed by Halberg, Tong and Johnson (1965).
Cosinor technique is presented by its' authors as a multiple regression, 
permitting the detection of rhythm and the objective and quantitative 
evaluation of its amplitude and phase. This technique is analogous to 
fitting of the sine curve. Here a harmonic pattern is established and 
the various components then superimposed and added. The basis hypothesis 
of the cosinor method lies in the 'a-priori1 knowledge of the exact value 
of the period of the phenomenon. Cosinor has been the tool for the 
discovery of many biomedical rhythms (Halberg 1969; Reinberg et al 1971).
The cosinor technique, however, has many drawbacks. Cauter and 
Huyberechts (1973) have reviewed the problems involved in the use of 
this technique. According to the authors the cosinor method may often 
lead to wrong interpretation of the data if the spectrum includes more 
than one frequency and if the frequency is not known a-priori. The 
cosinor test may avoid unnecessary calculations when the phenomenon has 
one single, a-priori, known natural frequency. According to Cauter and 
Huyberechts (op cit) this happens only rarely, when the only rhythmic 
component of the phenomenon is exogenous and may be set by the experimenter. 
In this sense the object of the analysis will be to compare the amplitude 
and phase of the observed periodicity to those of the periodicity set 
from outside.
3 FOURIER ANALYSIS
In exploring the internal structure of the time series, the method of 
analysis used in the present investigation is the Fourier analysis, also 
referred to as the Fourier transform..
Fourier analysis arose originally from problems involving vibratory
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cords. The discovery was first published by Fourier (1822) in a 
treatise on the Analytic Theory of Heat. The basic idea of the Fourier 
analysis is that any regularly repetitive motion and any wave, no matter 
how complicated its form, can be treated as the sum of a series of 
simple harmonic motions or waves.
Thus Fourier analysis is the analysis, of a function into its simpler 
harmonic components. The trignometric sine and cosine wave best serve 
this purpose.
Through Fourier analysis it is possible-to expand an arbitrary function 
of x in a trignometric series of sines and cosines of multiples of x . 
It is a method whereby from observed records of finite length of an 
empirical phenomenon, one can interpret the time function representing 
the phenomenon as a superposition (finite or infinite linear 
combinations) of harmonic sin wt and cosine wt.
The basic idea for the application of Fourier analysis is that any 
function f of period t which satisfies rather mild restrictions (see . 
Part 3.2.1.4.1 of this section) can be represented as the superposition 
of the harmonies. The Fourier series of the Fourier analysis is 
calculated according to the relation:
(II(3c—1) (j-l)/n) + bjç sin
+ -—  cos (n (j ~i)) for j = 1,2,...,2n (1)
In this formula a^ and b^ are the sine and cosine coefficients
respectively, which are calculated according to the relations:
a, = _  x E x cos (H ( j-1) (k-1) /n) Jc n j = 1 (2)
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b = -- x E x^ sin(H(j-l) (k-l)/n) 
n j = i
l 2n
(3)
for k = 1,2,...,n+l
Thus the amount of activity present at specific frequency bands can be 
computed by using the above formula (2) and ( 3 ) .  That is, by multiplying 
the raw data by the cosine, and independently again by the sine, the 
averaged product of the raw data and cosine is known as the cosine 
coefficient (2) of the finite discrete Fourier transform and that of the 
raw data and sine as sine coefficient ( 3 ) . Each frequency component has 
a sine and cosine numerical value. By squaring and adding the respective 
sine and cosine coefficients the actual spectrum value can be computed.
3 .2 .I. 4 . 5 STEPS OF ANALYSIS *
The initial step of the data analysis with the use.of a digital computer
is the conversion of the continious data into discrete series. Since 
the data in the present study was available as a series of sequential 
numbers it was decided to proceed with Fourier transform immediately.
Before the Fast Fourier Transform (FFT) computation of the data a 
filtering operation is performed on the data which is termed conditioning
or pre-whitening of the data. That is, smoothing out the data so that it
has no DC level or rising or falling effect. The reasoning behind 
pre-whitening is that by feeding the raw data for the FFT computation one 
could get quite spurious frequencies all the way up the harmonic number. 
Thus instead of feeding the raw data Xq x  ^ ... x^, etc, the conditioned 
data was entered
x x xk k k
w h e re  x R w as c a l c u l a t e d  b y  t h e  f o r m u la
x k  + Xq
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where the coefficient k and constant Xq are obtained by tthe standard 
least square fit. The spectrum of this conditioned data is not so 
violently up and down.
Once the data has been pre-whitened the next step is the transformation 
of the data through Fourier theorem, which states "any periodic function 
with period ' T ' may be split up into constituent sine and cosine waves 
of frequency 1/ t , 2/x ...". The program used in the present
investigation first obtains the FFT coefficients (sine and cosine) than 
the Fourier series is calculated, thus re-obtaining the data.
The next step after the calculation of the Fourier series is the 
measurement of the amount of contribution of each sine component. That 
is, the calculation of the amplitude of the cycle. The amplitude spectrum 
is the graphical representation of the'Fourier component amplitude as a 
function of harmonic number. Amplitude is the maximum excursion of the 
sine and cosine waves above or below the mean value. Amplitude is plotted 
mainly on the grounds that the size of the individual Fourier component 
should be the first focus of interest, since small amplitude components 
clearly contribute little to the overall signal.
The next step is the computation of the power spectrum of the series.
This is arrived at by squaring and adding the respective sine and cosine 
coefficients.
The peaks observed in the spectrum suggest frequencies or frequency 
range at which the cycle may be present. But the power spectrum cannot 
V reveal whether the inferred component is statistically significant or
not. For the calculation of the statistical significance of the observed 
peak the method of analysis used was Fisher's F-ratio.
3.2.1.4.6 F-RATIO ANALYSIS,
Fisher's F-ratio is a quick consistent method to see whether there is any 
significant power at any one frequency.
/
-  84 -
The basic principle in this connection is to apply the Null hypothesis 
and to see whether the power at a certain frequency (or group of 
frequencies) is really greater than the power at another frequency. 
Average power is calculated in each group and then the ratio is 
calculated. The degree of freedom in each group is twice the number 
of harmonics constituting a group.
Since the degrees of freedom for just'one frequency are only two, the 
power of the frequency has to be substantially high compared to its 
neighbours before it could be confidently asserted that there really is 
a consistently greater harmonic power at that frequency.
CHAPTER 4
Page
Results 8S
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CHAPTER 4
RESULTS
The results of the subjects may be considered in two steps. The first 
part is the search for hidden periodicity or rhythmic component through 
the spectral techniques. The technique used in the calculation of 
rhythmic component is 'Fast Fourier Transform alogrithm' (details of the 
method of analysis in Section 3.2.1.4) .
The method of FourieV transform allows one to express the observed data, 
say, taken over n-days, in terms of 2n- cyclic function (the trignometrie 
sine and cosine functions). Each pair of these 2n- functions repeat 
themselves over periods of one, two, three, ... n days respectively. The 
trig^iometric sine and cosine functions'weighted by time independent 
constants a^ and b^ . (k = 1, ... n) are referred to as Fourier coefficients,
The Fourier coefficients are then manipulated to obtain the spectral 
information: the amplitude of each of the one, two, three, - n days cycle, 
implicit or hidden in the data is given by
c, = /a ^  + b ^k /ak k
and the associated power pk in the cycle is
p^ = C]c2 (see 3.2.1.4)
Therefore using the techniques of Fast Fourier Transformation the 
observed function has been 'resolved' in terms of its various frequency 
components, in effect giving an amplitude spectrum and power spectrum. 
Table XI presents as an example the raw data, sine and cosine coefficients 
and the power spectrum of one of the subjects pulse rate record. Here 
the sine and cosine coefficients are computed by averaging the product 
of the raw data and cosine coefficients by that of the raw data and sine. 
The relative contribution of each frequency are expressed by these 
cosine and sine coefficients. The power spectrum was then computed by
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T a b le  XI E x am p le  ( P a t i e n t  JH)
Data
Observation 
at (days) Pulse Rate
90.0 85.0 90.0 95.0 9Q.0 85.0 75.0 75.0 80 .0 75.0
95.0 85.0 90.0 50.0 80.0 85.0 85.0 95.0 95 .0 95.0
85.0 85.0 90.0 90.0 90.0 110.0 95.0 115.0 90 .0 110.0
85.0 90.0 85.0 85.0 80.0 75.0 75.0 85.0 95 .0
Average Variance Std Dev
86.905 115.419 10.743
Cosine Coefficients (a(n))
0.9537E-05 -0 .2234E 01 0 .2241E 01 ‘ 0.1538E 01 0.6503E 00 - 0 .1695E 00
0.4316E-01 0.1814E 01 -0.2235E 01 -0.249 iE 01 0 .7368E 00 0.7155E 00
0.5321E 00 -0.1978E 00 -0.1863e 00 0.1076E 01 0.2530E 00 0.9972E 00
-0.9093E 00 -0.9180E 00 0.1472E 01 0.8301E 00 -0.1685E 01 -0.6707E 00
-0.1631E 01 0.4703E 00 0.3794E 00 0.2701E 01 -0.2104E 01 0 .6250E 00
Sine Coefficients (b(n))
0.0000E 00 0.4292E 00 -0.4944E 01 0.3743E 01 -0.1379E 01 0.2432E 01
-0.1471E 01 0.2258E 01 0.1871E 01 -0-1200E 01 -0.1565E 01 -0.9720E 00
-0.8210E-01 -0.9672E 00 -0.1310E 01 0.1778E 01 -0.1054E 00 -0.1414E 01
-0.2550E 00 -0.4752E 00 0.1025E 01 -0.2234E 00 -0.6292E 00 0.4937E 00
0.1901E 01 -0.1240E 01 0.2882E 01 -0.2542E 01 0.3642e 00 o .o o o o e 00
Power Spectrum
0.517E 01 0.295E 02 0.164E 02 0.232E 01 0.594E 01 0.217E 01
0.839E 01 0.850E 01 0.764E 01 0.299E 01 0.146E 01 .0.317E 01
0.123E 00 0.348E 01 0.209E 01 0.178E 01 0.416E 01 0.838E 00
0.284E 01 0 .233E 01 0 .915e 00 0.108E 00 0 .330E 00 0.543E 00
0.372E 01 0.406E 01 0 .420E 01 0.222E 00 0 .677E 01 0.138E 02
0.456E 01 0.391E 00
T a b le  X II  E x am p le  ( P a t i e n t  JH)
Data
Observation 
at (days) Body Weight .
5 8 . 0 .  5 8 . 0 5 7 . 0 5 9 . 0 5 9 . 0 5 9 . 0  5 9 . 0 5 8 . 0  5 9 . 0 5 9 . 0
5 8 . 0  5 9 . 0 5 8 . 0 5 7 . 0 5 7 . 0 5 8 . 0 5 9 . 0 5 9 . 0  5 8 . 0 59 . 0
5 9 . 0  5 9 . 0 5 9 . 0 6 0 . 0 5 9 . 0 5 9 : 0  6 0 . 0 59 . 0  6 0 . 0 59 . 0
5 9 . 0  5 9 . 0 5 9 . 0 5 8 . 0 5 7 . 0 5 8 . 0 5 7 . 0
Average Variance Std Dev
5 8 . 4 8 3 0 . 5 2 6 0 . 7 2 5
Cosine Coefficients (a(n))
0 . 2 0 1 6 E  0 2 - 0 . 1 8 9 9E 0 2 0 . 1 5 41 E 0 2 * - 0 . 10 4 9E 02 0 . 5 4 6 1 E 01 - 0 . 2 0 1 5 E 01
- 0 . 1 4 5 6 E  0 0 0 . 5 5 4 3 E 00 “ 0 . 4 4 1 9 E - - 0 1 - 0 . 1 0 0 9 E 01 0 . 1 0 6 7 E 01 - 0 . 5 1 8 2 E 0 0
- 0 . 4 4 2 6 E  00 0 . 7 7 1 0 E 01 - 0 . 2 4 8 3 E 01 0 . 2 6 8 1 E 01 - 0 . 1 7 9 6 E 01 0 . 5 7 2 1 E 0 0
0 . 5 8 7 8 E  00 - 0 . 1 4 3 6 E 01 0 . 1 7 6 7 E 01 - 0 . 1 1 8 9 E 01 0 . 6 4 8 0 E 0 0 - 0 . 1 4 2 9 E 0 0
0 . 4 4 1 9 E - 0 1 - 0 . 4 0 0 4 E 01 0 . 7 1 5 2 E 0 0 - 0 . 8 6 0 IE 00 0 . 5 8 9 9 E 0 0 - 0 . 1 4 8 1 E 0 0
- 0 . 7 9 6 7 E  0 0 0 . 1 4 3 9 E 01 - 0 . 1 7 9 6 E 01
Sine Coefficients (b(n))
0 . 0 0 0 0 E  0 0 - 0 . 3 6 8 1 E 01 0 . 6 0 4 5 E 01 - 0 . 6 5 4 5 E 01 0 . 5 3 7 9 E 01 - 0 . 2 6 9 3 E 01
- 0 . 6 1 4 5 E  0 0 0 . 3 0 7 6 E 01 - 0 . 4 2 4 8 E 01 0 . 3 9 8 4 E 01 - 0 . 2 9 3 7 E 01 0 . 8 7 0 9 E 0 0
0 . 4 4 0 4 E  0 0 - 0 . 1 1 7 8 E 01 0 . 9 5 4 1 E 0 0 - 0 . 5 0 8 2 E 0 0 0 . 6 2 5 0 E - -01 0 . 1 3 0 8 E 0 0
0 . 2 6 7 1 E  0 0 - 0 . 1 0 6 9 E 01 0 . 1 5 0 5 E 01 - 0 . 1 5 6 0 E 01 0 . 1 2 4 0E 01 - 0 . 2 2 5 0 E 00
- 0 . 6 5 5 7 E  00 0 . 1 5 3  IE 01 - 0 . 1 7 7 8 E 01 0 . 1 5 2 0 E 01 - 0 . 6 8 1 7 E 0 0 0 . 8 1 10E--01
0 . 2 6 8 1 E  0 0 - 0 . 2 6 3 5 E 0 0 0 . 0 0 0 0 E 0 0
Power Spectrum
0 . 3 7 4 E  0 3  
0 . 9 7 7 E  01  
0 . 4 3 0 E  01  
0 . 3 2 0 E  01  
0 . 2 5 0 E  01  
0 . 2 1 4 E  01
0 . 2 7 4 E  0 3  
0 . 1 8 1 E  0 2  
0 . 7 0 8 E  01  
0 . 5 3 9 E  01  
0 . 3 6 7 E  01  
0 . 3 2 3 E  01
0 . 1 5 3 E  0 3  
0 . 1 6 9 E  0 2  
0 . 7 4 4 E  01  
0 . 3 8 5 E .  01  
0 . 3 0 5 E  01
0 . 5 8 8 E  0 2  
0 . 9 7 6 E  01  
0 . 3 2 3 E  01  
0 . 1 9 6 E  01  
0 . 8 1 3 E  00
0 . 1 1 3 E  0 2  
0 . 1 0 3 E  01  
0 . 3 4 4 E  0 0  
0 . 7 1 0 E - 0 1  
0 . 2 8 5 E - 0 1
0 . 3 9 9 E  0 0  
0 . 3 0 9 E  0 0  
0 . 4 1 7 E  0 0  
0 . 4 3 2 E  0 0  
0 . 7 0 5 E  0 0
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T a b le  X I I I  E x am p le  ( P a t i e n t  JH)
Data
Observation 
at (days) Body Temperature
3 4 . 7  3 5 . 4 3 4 . 7  3 5 . 8 3 5 . 4  3 6 . 0  3 6 . 6  3 6 . 0  3 5 . 5  3 6 . 2
3 5 . 0  3 5 . 5 3 5 . 0  3 5 . 1 3 5 . 8  3 5 . 0 3 5 . 6  3 5 . 6 3 5 . 0  3 5 . 0
3 5 . 0  3 5 . 7 3 5 . 2  3 5 . 0 3 5 . 9  3 5 . 3 3 5 . 6  3 5 . 5 3 5 . 1  3 5 . 0
3 5 . 3  3 5 . 0 3 5 . 2  3 5 . 6 3 5 . 3  3 5 . 5 3 5 . 1  3 6 . 8  3 5 . 0  3 5 . 1
3 5 . 2
Average Variance Stdi Dev
3 5 . 3 8 8 0 . 2 0 5 0 . 4 5 3
Cosine Coefficients (a(n))
0 . 7 5 3 4 E - 0 4 0 . 7 4 3 1 E - 0 1 0 . 4 8 2 0 E - 0 2 - 0 . 4 4 0 0 E - 0 1 - 0 . 1 4 5 2 E  0 0  - 0 . 5 2 2 6 E - 0 1
- 0 . 1 6 0 9 E  00 - 0 . 3 1 5 9 E - 0 1 0 . 2 4 0 1 E - 0 1 - 0 . 1 3 4 6 E - 0 2 0 . 1 6 0 3 E - 0 1  - 0 . 1 4 2 3 E - 0 1
0 . 2 6 0 5 E - 0 2 0 . 4 8 3 4 E - 0 1 - 0 . 7 2 7 6 E - 0 1 0 . 3 1 0 2 E - 0 1 - 0 . 9 3 7 6 E - 0 2  - 0 . 1 2 8 2 E  0 0
0 . 5 2 3 7 E - 0 1 0 . 2 6 0 2 E - 0 2 - 0 . 5 5 4 8 E - 0 1 0 . 8 0 8 9 E - 0 1 - 0 . 3 3 4 0 E - 0 1  0 . 1 0 8 8 E  00
- 0 . 2 9 5 3 E - 0 1 - 0 . 8 9 9 7 E - 0 1 - 0 . 7 2 1 7 E - 0 1 - 0 . 4 0 7 4 E - 0 1 0 . 4 0 5 3 E - 0 1  - 0 . 5 3 5 3 E - 0 1
- 0 . 5 6 0 5 E - 0 1 - 0 . 4 0 0 8 E - 0 1 - 0 . 1 2 7 8 E  0 0
Sine Coefficients (b(n))
0 . 0 0 0 0 E  0 0 0 . 1 8 3 9 E - 0 1 0 . 1 0 0 4 E  0 0 0 . 8 7 3 5 E - 0 1 0 . 5 6 5 9 E - 0 1  - 0 . 2 0 1 7 E - 0 1
- 0 . 2 9 4 4 E - 0 1 - 0 . 1 0 5 6 E  0 0 - 0 . 8 1 3 9 E - 0 1 - 0 . 2 2 6 7 E - 0 1 0 . 2 7 9 8 E - 0 1  - 0 . 8 7 7 0 E - 0 1
0 . 4 7 1 l E - 0 1 - 0 . 6 9 2 3 E - 0 2 - 0 . 9 8 2 0 E - 0 2 0 . 5 1 0 9 E - 0 2 - 0 . 2 4 6 3 E - 0 1  0 . 4 6 4 3 E - 0 1
- 0 . 1 0 5 8 E - 0 1 0 . 1 8 2 5 E - 0 2 0 . 1 8 2 5 E - 0 2 0 . 2 9 6 4 E - 0 1 - 0 . 7 6 0 3 E - 0 1  0 . 4 9 1 9 E - 0 1
0 . 4 6 1 2 E - 0 1 0 . 5 5 3 8 E - 0 1 0 . 1 6 8 2 E  00 - 0 . 1 0 7 8 E  0 0 0 . 1 5 9 6 E - 0 1 0 . 3 7 6 7 E - 0 1
- 0 . 5 3 6 4 E - 0 2 0 . 1 0 1 9 E  0 0 - 0 . 0 0 0 0 E  0 0
Power Spectrum
0 . 5 8 6 E - 0 2 0 . 1 0 1 E - 0 1 0 . 9 5 7 E - 0 2 0 . 2 4 3 E - 0 1 0 . 3 1 4 E - 0 2  0 . 2 6 8 E - 0 1
0 . 1 2 2 E - 0 1 0 . 7 2 0 E - 0 2 0 . 5 1 6 E - 0 3 0 . 1 0 4 E - 0 2 0 . 7 8 9 E - 0 2  0 . 2 2 3 E - 0 2
0 . 2 3 8 E - 0 2 0 . 5 3 9 E - 0 2 0 . 3 5 7 E - 0 2 0 . 6 9 6 E - 0 3 0 . 1 8 6 E - 0 1  0 . 1 3 9 E - 0 1
0 . 1 0 1 E - 0 4 0 . 2 1 4 E - 0 2 0 . 1 2 3 E - 0 1 0 . 3 5 4 E - 0 2 0 . 1 4 0 E - 0 1 0 . 3 9 4 E - 0 2
0 . 3 6 4 E - 0 1 0 . 1 6 8 E - 0 1 0 . 1 9  I E - 0 2 0 . 3 0 6 E - 0 2 0 . 2 8 9 E - 0 2  0 . 1 3 5 E - 0 1
0 . 1 7 8 E - 0 2 0 . 1 6 3 E - 0 1 '
10
0H
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squaring and adding the respective sine and cosine coefficients. These 
sine and cosine coefficients constitute the basis for all spectrum 
calculations.
At this point one confusion which commonly arises due to the side by 
side presentation of the raw data and the power spectrum needs some 
clarification. That is, the power of every cycle does not correspond 
to the real testing days which the raw data points represent. Thus the 
spectrum of one day cycle is arrived at by scanning all the points in 
the raw data and the search for the recurrence of one particular pattern 
of series over one day scores. The same procedure is followed by the 
programme for n number of days, which incidentally is specified in the 
programme instructions.
I t  i s  c l e a r  t h a t  f o r  t h e  d i f f e r e n t  r a n g e  o f  f r e q u e n c i e s ,  i n t e n s i t y  o f  
t h e  s p e c t r u m  v a r i e s .  F o r  s o m e * r a n g e  o f  f r e q u e n c i e s  i t  i s  v e r y  l o w ,  u n t i l  
i t  h a s  r e a c h e d  t h e  f r e q u e n c y  o f  a  h a r m o n i c  c o m p o n e n t  o f  t h e  s e r i e s ,  a t  
w h i c h  p o i n t  i t  s h o w s  a  h i g h  p e a k .  T h e  p e a k s  o b s e r v e d  i n  t h e  s p e c t r u m  
s u g g e s t  f r e q u e n c i e s  o r  f r e q u e n c y  r a n g e s  a t  w h i c h  t h e  c y c l e  may  b e  
p r e s e n t .  I n  t h e  e x a m p l e  s h o w n  h e r e ,  t h e  f r e q u e n c y  ( i n  t h i s  p a r t i c u l a r  
r e c o r d )  w i t h  t h e  h i g h e s t  p e a k  i s  a  31  d a y  o n e .  F o r  b o d y  t e m p e r a t u r e  
( T a b l e  X I I I )  i t  i s  a n  8  d a y  o n e ,  a n d  f o r  b o d y  w e i g h t  i t  i s  a  32  d a y  o n e  
( T a b l e  X I I ) . T h i s  i s  m o r e  c l e a r l y  d e m o n s t r a t e d  i n  t h e  h i s t o g r a m  
( F i g u r e  3)  o f  t h e  p o w e r  s p e c t r u m ,  w h e r e  t h e  x - a x i s  r e a d s  t h e  d i f f e r e n t  
d a y s  ( f r e q u e n c i e s )  a n d  t h e  y - a x i s  t h e  p o w e r  o f  t h e  v a r i o u s  f r e q u e n c i e s . '  
(Due t o  t h e  b u l k  o f  t h e  d a t a  a n d  l a c k  o f  s p a c e  a l l  t h e  r e s t  o f  t h e  
r e s u l t s  h a v e  b e e n  s t o r e d  i n  m i c r o f i c h e . )
The presence of a spectral peak appreciably higher than the background, 
at a given period, may be indicative of a persistent stable rhythm with 
that period. But the power spectrum by itself cannot indicate whether 
the inferred component is statistically significant or not.
T h u s  t h e  s e c o n d  s t e p  i n  t h e  a n a l y s i s  o f  t h e  r e s u l t s  w a s  t h e  c a l c u l a t i o n  
o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  o b s e r v e d  p e a k s .  T h e  s t a t i s t i c a l  
m e t h o d  u s e d  i n  t h i s  c o n n e c t i o n  w a s  t h e  F - r a t i o  ( s e e  S e c t i o n  3 . 2 . 1 . 4 . 6 )  .
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T a b le  XIV E x am p le  ( P a t i e n t  JH)
T e s t  P u l s e  R a t e  S p e c t r u m
0 . 5 1 7 E  01  
0 . 8 3 9 E  01  
0 . 12 3E  0 0  
0 . 2 8 4 E  01  
0 . 3 7 2 E  0 1  
0 . 4 5 6 E  01
0 . 2 9 5 E  0 2  
0 . 8 5 0 E  01  
0 . 34 8 E  01  
0 . 2 3 3 E  01  
0 . 4 06E  0 1  
0 . 3 9 1 E  0 0
0 . 1 6 4 E  0 2  
0 . 7 6 4 É  01  
0 . 2 0 9 E  01-  
0 . 9 1 5 E  0 0  
0 . 4 2 0 E  01
0 . 23 2E  01  
0 . . 2 9 9 E  01  
0 . 1 7 8 E  01  
0 . 1 0 8 E  01  
0 . 2 2 2 E  0 0
0 . 5 9 4 E  01  
0 . 146E  01  
0 . 4 1 6 E  01  
0 . 3 3 0 E  0 0  
0 . 6 7 7 E  01
0 . 2 1 7 E  01  
0 . 3 1 7 E  01  
0 . 8 3 8 E  0 0  
0 . 5 4 3 E  0 0  
0 . 1 3 8 E  0 2
F i v e  H i g h e s t  A m p l i t u d e s
Amp D a y s
2 9 . 4 6 3 0 31
1 6 . 3 7 6 9 30
1 3 . 7 5 7 7 3
8 . 4 9 7 4 25
8 . 3 8 7 5 26
S i g n i f i c a n c e  B a n d w i d t h  (5  d a y s )
C l u s t e r  
a t  ( d a y s )
F - V a l
D.
D.  Fj[
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
31 1 2 . 3 4 2 5 4 10 0 . 0 0 0 1 9 9 . 9 9 1
3 0 1 1 . 3 9 5 54 10 0 . 0 0 0 1 9 9 . 9 8 7
3 0 . 8 4 1 5 4 10 0 . 6 8 1 1 3 1 . 8 9 2
25 0 . 4 1 7 5 4 10 0 . 9 8 0 6 1 . 9 3 9
26 0 . 4 1 3 54 10 0 . 9 8 1 6 1 . 8 3 9
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T a b le  XV E x am p le  ( P a t i e n t  JH)
Test Body Temperature Spectrum
0 . 5 8 6 E - 0 2 0 . 1 0 1 E - 0 1 0 . 9 5 7 E - 0 2 0 . 2 4 3 E - 0 1 0 . 3 1 4 E - 0 2 0 . 2 6 8 E - 0 1
0 . 1 2 2 E - 0 1 0 . 7 2 0 E - 0 2 0 . 5 1 6 E - 0 3 0 . 1 0 4 E - 0 2 0 . 7 8 9 E - 0 2 0 . 2 2 3 E - 0 2
0 . 2 3 8 E - 0 2 0 . 5 3 9 E - 0 2 0 . 3 5 7 E - 0 2 0 . 6 9 5 E - 0 3 0 . 1 8 6 E - 0 1 0 . 1 3 9 E - 0 1
0 . 1 0 1 E - 0 4 0 . 2 1 4 E - 0 2 0 . 1 2 3 E - 0 1 0 .  3 5 4 E - 0 2 0 . 1 4 0 E - 0 1 0 . 3 9 4 E - 0 2
0 . 3 6 4 E - 0 1 0 . 1 6 8 E - 0 1 0 . 1 9 1 E - 0 2 0 . 3 0 6 E - 0 2 0 . 2 8 9 E - 0 2 0 . 1 3 5 E - 0 1
0 . 1 7 8 E - 0 2 0 - 1 6 3 E - 0 1
Five Highest Amplitudes
Amp Days
0 . 0 3 6 4 8
0 . 0 2 6 8 2 7
0 . 0 2 4 3 29
0 . 0 1 8 6 16
0 . 0 1 6 8 7
S i g n i f i c a n c e  B a n d w i d t h  (5  d a y s )
Cluster 
at (days) F-Val
D.
D. F^
F
D.F2
Prob of 
Exceeding F
Confidence 
Level (%)
8 3 . 3 0 6 5 4 10 0 . 0 2 2 5 9 7 . 7 5 1
27 1 . 9 4 6 54 10 0 . 1 2 7 1 8 7 . 2 8 6
19 1 . 9 0 1 5 4 10 0 . 1 3 5 7 8 6 . 4 3 0
16 0 . 7 8 4 5 4 10 0 . 7 3 2 8 2 6 . 7 2 5
7 3 . 3 1 8 5 4 10 0 . 0 2 2 2 9 7 . 7 8 0
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T a b le  XVI E xam ple  ( P a t i e n t  JH)
T e s t B o d y  W e i g h t  S p e c t r u m
0 . 3 7 4 E 0 3 0 . 27 4E 0 3 0 . 153E 0 3 0 . 5 8 8 E 02 0 . 1 1 3 E  0 2 0 . 3 9 9 E 0 0
0 . 9 7 7 E 01 0 . 1 8 1 e 0 2 0 . 1 6 9 È 0 2 0 . 9 7 6 E 0 2 0 . 1 0 3 E  0 1 0 . 3 9 0 E 0 0
0 . 4 3 1 E 01 0 . 7 0 8 E 01 0 . 7 44E 01 0 . 3 23E 01 0 . 3 4 4 E  0 0 0 . 4 17E 00
0 . 3 20E 01 0 . 5 3 9 E 01 0 . 3 85E 01 0 . -196E 01 0 . 7 1 0 E - 0 1 0 . 4 3 2 E 00
0 . 2 50 E 01 0 . 36 7E 01 0 . 3 05E 01 0 . 8 1 3 E 0 0 0 . 2 8 5 E - 0 1 0 . 7 07 E 0 0
0 . 2 1 4 e 01 0 . 3 2 3 E 01
F i v e  H i g h e s t  A m p l i t u d e s
Amp D a y s
3 7 4 . 2 0 8 7 32
2 7 3 . 9 1 1 0 31
1 5 2 . 8 2 9 9 30
5 8 . 7 5 4 0 2 9
1 8 . 0 5 0 4 2 5
S i g n i f i c a n c e  B a n d w i d t h  (5 d a y s )
C l u s t e r  
a t  ( d a y s )
F - V a l
D.
D . F j
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
32 4 6 . 3 3 0 5 8 6 9 9 . 9 9 5
31 1 2 8 2 . 4 4 3 54 10 0 . 0 0 0 0 9 9 . 9 9 9
30 4 . 7 5 4 5 4 10 0 . 0 0 5 6 9 9 . 4 4 3
29 1 . 3 4 4 5 4 10 0 . 3 2 0 0 6 7 . 9 9 7
25 0 . 0 0 6 5 4 10 1 . 0 0 0 0 0 . 0 0 0
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H e r e  t h e  p r o g r a m m e  w a s  s e t  t o  l o c a t e  t h e  f i v e  h i g h e s t  a m p l i t u d e s  a n d  
s e a r c h  f o r  t h e  m o s t  s i g n i f i c a n t  c l u s t e r  o f  d a y s .  A  c l u s t e r  o f  d a y s  w a s  
s e l e c t e d  i n s t e a d  o f  o n e  p a r t i c u l a r  f r e q u e n c y  d u e  t o  t h e  f a c t  t h a t  i n  a n y  
f r e q u e n c y  a n a l y s i s  o f  a  t i m e  s e r i e s  o f  f i n i t e  d u r a t i o n ,  t h e  a c t i v i t y  
" a t "  a  c h o s e n  f r e q u e n c y  d o e s  n o t  r e a l l y  s h o w  t h e  a c t i v i t y  p r e c i s e l y  a t  
t h a t ,  f r e q u e n c y  a n d  t h a t  a l o n e , ,  b u t  i t  r e f l e c t s  t h e  a c t i v i t i e s  w i t h i n  a  
f r e q u e n c y  b a n d .
T a b l e  XIV p r e s e n t s  a s  a n  e x a m p l e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  
p r e v i o u s  s u b j e c t ' s  p u l s e  r a t e  s p e c t r u m .  I n  t h i s  i n s t a n c e  t h e  F - v a l u e  i s  
g r e a t e s t  a t  t h e  c l u s t e r  o f  31  d a y s  a t  t h e  c o n f i d e n c e  l e v e l  o f  9 9 . 9 9 1 % ,  
w i t h  i m p o r t a n t  c l u s t e r s  a t  3 0  d a y s .  T he  s i g n i f i c a n t  c l u s t e r  f o r  b o d y  
w e i g h t  i s  a g a i n  a t  31  d a y s  ( T a b l e  XVI)  a n d  f o r  b o d y  t e m p e r a t u r e  a t  
8 d a y s .  T h e s e  c y c l e s  h a v e  a l s o  s h o w n  a n  a p p r e c i a b l y  h i g h  s p e c t r a l  
p e a k  c o m p a r e d  t o  t h e  b a c k g r o u n d ,  t h u s  j u s t i f y i n g  t h e  a s s u m p t i o n  t h a t  
a  h i g h  p e a k  i s  i n d i c a t i v e  o f  a  p e r s i s t e n t  s t a b l e  r h y t h m  w i t h  t h a i t  
p e r i o d .
T he  r e s u l t s  o f  t h e  t h r e e  g r o u p s  o f  s u b j e c t s  a r e  p r e s e n t e d  i n  su m ma ry  
f o r m  i n  T a b l e s  X VI I  t o  X XX VI I .
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T a b le  XVII . S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  P u l s e  R a te  C y c le
F - V a l
D.
D .F^
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1 AL 3 3 . 8 1 8 5'4 10  , 0 . 0 0 0 0 9 9 . 9 9 9 3 0
2 ' AN 8 . 4 7 0 5 8 10 0 : 0 0 6 1 9 9 . 3 8 6 32
3 BE 6 . 8 8 7 5 4 10 0 . 0 0 1 2 9 9 . 8 8 1 23
4 FH 7 . 2 5 1 5 4 10 0 . 0 0 0 9 9 9 . 9 0 5 18
5 GC 7 . 8 1 1 54 10 0 . 0 0 0 7 9 9 . 9 3 1 8
6 ED 5 . 8 8 1 5 4 10 0 . 0 0 2 3 9 9 . 7 6 8 11
7 CH 3 . 3 8 3 5 4 10 0 . 0 2 0 7 9 7 . 9 3 1 26
8 CO 6 . 1 5 3 5 4 10 0 . 0 0 1 9 9 9 . 8 0 8 31
9 DE 3 . 1 5 5 54 10 0 . 0 2 6 6 9 7 . 3 3 6 10
10 EB 3 . 1 3 4 5 4 10 0 . 0 2 7 3 9 7 . 2 7 0 17
11 DL 1 7 . 9 4 5 5 4 . 10 0 . 0 0 0 0 9 9 . 9 9 8 11
12 AE 2 . 8 2 2 5 4 10 0 . 0 3 9 4 9 6 . 0 5 9 7
13 IC 4 . 6 4 8 5 4 10 0 . 0 0 6 1 9 9 . 3 9 0 23
14 PB 2 . 5 5 8 5 4 10 0 . 0 5 4 8 9 4 . 5 2 1 2 4
15 TB 3 . 9 5 6 5 4 10 0 . 0 1 1 5 9 8 . 8 5 2 8
16 WH 2 . 2 2 2 5 4 10 0 . 0 8 5 9 9 1 . 4 1 2 2 6
17 HE 3 . 5 4 1 5 4 10 * 0 . 0 1 7 5 9 8 . 2 5 3 22
18 MT 3 . 6 5 2 5 4 10 0 . 0 1 5 6 9 8 . 4 4 2 . 31
19 TU 2 . 9 1 1 54 10 0 . 0 3 5 8 9 6 . 4 2 1 16
2 0 SK 4 . 9 5 2 5 4 10 “ 0 . 0 0 4 7 9 9 . 5 2 7 2 9
21 UH 1 5 . 6 6 8 5 8 6 0 . 0 0 1 1 9 9 . 8 8 9 32
22 EH 5 . 8 8 1 5 8 6 0 . 0 1 6 2 9 8 . 3 8 1 32
2 3 MM 2 . 2 6 5 5 4 10 0 . 0 8 0 9 9 1 . 9 0 7 13
24 MA 3 . 2 7 1 5 4 10 0 . 0 2 3 4 9 7 . 6 6 1 29
2 5 GT 3 . 7 7 0 5 4 10 0 . 0 1 3 8 9 8 . 6 1 9 11
26 DP 1 2 . 1 8 4 5 4 10 0 . 0 0 0 1 9 9 . 9 9 1 31
27 GM 1 4 . 3 7 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 30
2 8 MD 6 . 3 5 7 5 4 10 0 . 0 0 1 7 9 9 . 8 3 3 22
2 9 BR 4 3 . 7 0 5 5 8 6 0 . 0 0 0 1 9 9 . 9 9 4 32
30 RQ 0 . 8 9 1 5 4 10 0 . 6 3 6 6 3 6 . 3 4 1 15
31 SM 2 . 0 8 1 5 4 10 0 . 1 0 4 6 8 9 . 5 3 7 19
32 KR 2 . 4 2 8 5 4 10 0 . 0 6 4 9 9 3 . 5 0 6 10
33 CL 4 0 . 0 7 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
34 EL 3 . 4 2 0 5 4 10 0 . 0 1 9 9 9 8 . 0 1 3 6
35 HH 2 . 8 9 4 5 4 10 0 . 0 3 6 1 9 6 . 3 8 9 9
36 RH 1 . 5 8 7 5 4 10 0 . 2 1 8 4 7 8 . 1 6 4 1
37 IS 2 3 . 7 6 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 2 9
38 SR 2 . 6 4 9 5 4 10 0 . 0 4 8 8 9 5 . 1 1 7 11
39 JH 1 2 . 3 7 2 5 4 10 0 . 0 0 0 1 9 9 . 9 9 1 31
4 0 GJ 1 6 . 7 0 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 8 2
41 JP 6 . 8 5 8 54 10 0 . 0 0 1 2 9 9 . 8 7 . 9 11
4 2 PT 0 . 9 9 5 54 10 0 . 5 4 8 8 4 5 . 1 1 8 21
43 DJ 2 . 0 5 9 5 4 10 1 . 1 0 7 9 8 9 . 2 0 7 21
-  98 -
T a b le  X V III S i g n i f i c a n c e  (F ~ R a tio )  o f  P a t i e n t 's  B ody W e ig h t C y c le
F - V a l
D.
D . F !
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1 AL 1 5 . 7 0 6 5 4 10- 0 . 0 0 0 0 9 9 . 9 9 7 30
2 AN 2 . 7 0 3 5 4 10 0 : 0 4 5 6 9 5 . 4 3 8 8
3 BE 8 9 . 9 3 2 5 4 10 0 - . 0 0 0 0 9 9 . 9 9 9 31
4 FH 3 . 7 6 8 5 4 10 0 . 0 1 3 8 9 8 . 6 1 6 12
5 GC 1 1 . 0 9 1 5 4 10 0 . 0 0 0 1 9 9 . 9 8 6 30
6 ED 7 . 9 5 3 54 10 0 . 0 0 0 6 9 9 . 9 9 8 27
7 CH 1 6 . 7 1 5 5 8 6 0 . 0 0 0 9 9 9 . 9 0 8 32
8 CO 4 . 7 1 8 54 10 0 . 0 0 5 7 9 9 . 4 2 5 2 8
9 DE 5 . 0 6 3 5 4 10 0 . 0 0 4 3 9 9 . 5 6 8 29
10 EB 2 . 9 3 7 5 4 10 0 . 0 3 4 3 9 6 . 5 6 9 1
11 DL 3 . 3 9 0 5 4 10 0 . 0 2 0 5 9 7 . 9 4 6 6
12 AE 1 . 8 7 8 5 4 10 0 . 1 4 0 4 8 5 . 9 6 3 3 0
13 IC 2 . 1 1 2 5 4 10 0 . 1 0 0 1 8 9 . 9 8 6 29
14 PB 3 . 3 2 8 5 4 10 0 . 0 Ï 2 2 0 9 7 . 8 0 3 2 7
15 TB 9 . 3 9 3 5 4 10 0 . 0 0 0 3 9 9 . 9 7 0 8
16 WH 3 . 2 4 1 5 4 10 0 . 0 2 4 2 9 7 . 5 8 2 6
17 HE 3 . 6 5 2 5 4 10 ' 0 . 0 1 5 6 9 8 . 4 4 2 29
18 MT 2 . 4 6 7 5 4 10 0 . 0 6 1 7 9 3 . 8 3 1 16
19 TU 7 . 6 8 5 5 4 10 0 . 0 0 0 7 9 9 . 9 2 6 24
2 0 SK 3 . 1 6 9 5 4 10 0 . 0 2 6 2 9 7 . 3 7 7 19
21 UH 1 . 7 5 9 5 4 10 0 . 1 6 7 8 8 3 . 2 1 6 19
2 2 EH 5 . 0 7 5 54 10 0 . 0 0 4 3 9 9 . 5 7 2 20
2 3 MM 8 . 8 0 2 5 4 10 0 . 0 0 0 4 9 9 . 9 5 9 31
2 4 MA 1 9 . 3 0 8 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
2 5 GT 1 2 . 5 8 6 5 4 10 . 0 . 0 0 0 1  ■ 9 9 . 9 9 2 31
26 DP 1 0 . 3 8 6 5 4 10 0 . 0 0 0 2 9 9 . 9 8 1 25
27 GM 1 . 7 8 6 5 4 10 0 . 1 6 1 2 8 3 . 8 8 0 18
28 MD 8 . 3 4 3 5 4 10 0 . 0 0 0 5 9 9 . 9 4 9 3 0
29 BR 4 . 5 1 9 5 4 10 0 . 0 0 6 8 9 9 . 3 1 7 30
30 RQ 1 4 . 5 1 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 2
31 SM 0 . 8 6 9 5 4 10 0 . 6 5 6 6 3 4 . 3 4 2 4
32 ICR 2 . 2 2 0 5 4 10 0 . 0 8 6 0 9 1 . 3 9 5 31
33 CL 6 . 9 6 6 5 8 6 0 . 0 1 0 4 9 8 . 9 6 2 32
34 EL 1 6 . 7 0 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 8 30
35 HH 7 8 . 9 7 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
36 RH 2 1 . 3 8 9 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31
37 I S 5 . 8 9 9 5 8 6 0 . 0 1 6 1 9 8 . 3 9 4 32
3 8 SR 0 . 8 6 6 5 4 10 0 . 6 5 8 6 3 4 . 1 4 0 2 0
. 39 JH 8 2 . 4 4 3 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31
40 GJ 3 . 5 7 8 5 4 10 0 . 0 1 6 8 9 8 . 3 1 8 24
41 JP 3 1 . 4 8 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
42 PT 2 5 . 5 8 1 5 8 6 0 . 0 0 0 3 9 9 . 9 7 3 32
4 3 DJ 1 4 . 3 0 5 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 2 9
-  09 -
T a b le  XIX S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  T e m p e r a tu r e  C y c le
F - V a l
D.
D . F i
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1 AL 3 . 7 1 4 5 4 1 0 , 0 . 0 1 4 6 9 8 . 5 3 9 27
2' AN 5 . 5 1 4 5 4 10 0 ¿ 0 0 3 0 9 9 . 6 9 6 30
3 BE 6 . 9 8 8 5 4 10 0 . . 0 0 1 1 9 9 . 8 8 9 27
4 FH 3 . 0 0 6 5 4 10 0 . 0 3 1 6 9 6 . 8 3 7 25
5 GC 2 . 9 6 4 5 4 10 0 . 0 3 3 2 9 6 . 6 7 9 26
6 ED 1 . 2 3 6 5 4 10 0 . 3 7 9 2 6 2 . 0 8 1 10
7 CH 2 . 9 3 5 5 4 10 0 . 0 3 4 4 9 6 . 5 6 3 12
8 CO 3 1 . 7 8 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 25
9 DE 2 . 2 8 9 54 10 0 . 0 7 8 3 9 2 . 1 6 7 2 8
10 EB 2 . 8 2 5 5 4 10 0 . 0 3 9 2 9 6 . 0 7 6 10
11 DL 3 . 2 4 3 5 4 10 0 . 0 2 4 1 9 7 . 5 8 7 9
12 AE 6 . 1 1 0 5 4 10 0 . 0 0 2 0 9 9 . 8 0 2 11
13 IC 1 0 . 1 5 1 5 4 10 0 . 0 0 0 2 9 9 . 9 7 9 18
14 PB 1 4 . 5 3 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 6 10
15 TB 2 . 6 6 6 5 4 10 0 . 0 4 7 8 9 5 . 2 1 9 5
16 WH 2 . 7 9 6 5 4 10 0 . 0 4 0 6 9 5 . 9 3 6 21
17 HE 4 . 0 2 4 5 4 10  * 0 . 0 1 0 8 9 8 . 9 2 5 18
18 MT 6 . 3 2 7 5 4 10 0 . 0 0 1 7 9 9 . 8 2 9 16
19 TU 5 . 4 3 7 5 4 10 0 . 0 0 3 2 9 9 . 6 7 8 26
20 SK 1 . 7 2 5 5 4 10  ‘ 0 . 1 7 6 8 8 2 . 3 2 5 25
21 UH 9 . 1 5 7 5 4 10 0 . 0 0 0 3 9 9 . 9 6 6 23
22 EH 6 . 4 9 3 5 8 6 0 . 0 1 2 5 9 8 . 7 5 1 32
2 3 MM 8 . 1 1 1 5 8 6 0 . 0 0 6 9 9 9 . 3 1 0 32
2 4 MA 2 4 . 0 5 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
25 GT 1 2 . 1 3 6 5 4 10 0 . 0 0 0 1 9 9 . 9 9 0 25
26 DP 1 0 . 1 9 6 54 10 0 . 0 0 0 2 9 9 . 9 7 9 30
2 7 GM 1 9 . 9 2 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
28 MD 2 . 2 0 2 5 4 10 0 . 0 8 8 2 9 1 . 1 7 6 31
29 BR 1 . 9 7 8 5 4 10 0 . 1 2 1 2 8 7 . 8 7 8 6
30 RQ 6 . 7 9 4 5 4 10 0 . 0 0 1 3 9 9 . 8 7 4 29
31 SM 5 2 . 9 2 8 54 10 0 . 0 0 0 0 9 9 . 9 9 9 30
32 KR 1 4 . 0 9 3 5 8 6 0 . 0 0 1 5 9 9 . 8 5 1 2
33 CL 3 . 1 5 3 5 4 10 0 . 0 2 6 7 9 7 . 3 2 9 31
3 4 EL 4 3 . 0 1 8 5 4 10 0 . 0 0 0 0 , 9 9 . 9 9 9 31
35 HH 3 7 . 5 9 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
3 6 RH 2 . 7 3 3 5 4 10 0 . 0 4 3 9 9 5 . 6 0 7 3 0
37 I S 1 6 . 9 6 3 5 8 6 0 . 0 0 0 9 9 9 . 9 1 2 3 2
38 SR 1 . 2 8 5 54 10 0 . 3 5 1 1 6 4 . 8 9 3 14
39 JH 3 . 3 1 8 54 10 0 . 0 2 2 2 9 7 . 7 8 0 7
40 GJ 3 . 6 9 9 54 10 0 . 0 1 4 8 9 8 . 5 1 6 2 8
41 JP 3 . 0 7 8 5 4 10 0 . 0 2 9 1 9 7 . 0 9 0 11
42 PT 1 . 2 4 0 54 10 0 . 3 7 6 9 6 2 . 3 0 7 22
4 3 DJ 2 . 0 9 3 5 4 10 0,. 1 0 2 8 8 9 . 7 1 5 31
I
I
- 100 -
T a b le  XX S i g n i f i c a n c e  ( F - R a t io )  o f  N orm al S u b j e c t ’s  B ody W e ig h t C y c le
F-Val D
D . P i
.F
d . f 2
Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days)
1' AA 4 . 0 2 0 5 4 10 '- 0 „ 0 1 0 8 9 8 . 9 2 0 29
2 AB 3 . 1 2 2 5 4 10 0 . 0 2 7 7 9 7 . 2 3 4 24
3 AC 3 4 . 1 8 8 54 10 O'. 0 0 0 0 9 9 . 9 9 9 30
4 AF 8 5 . 0 7 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
5 AI 5 . 8 3 6 54 10 0 . 0 0 2 4 9 9 . 7 6 0 29
6 AJ 8 0 . 3 2 6 5 4 10 0.0000 9 9 . 9 9 9 32
7 AK 2 7 . 2 0 6 5 4 10 0.0000 9 9 . 9 9 9 31
8 AQ 4 . 4 9 4 5 4 10 0 . 0 0 7 0 9 9 . 3 0 2 25
9 AT 1 0 . 2 5 3 5 4 10 0 . 0 0 0 2 9 9 . 9 8 0 31
10 AU 4 . 2 0 5 5 4 10 0 . 0 0 9 1 9 9 . 0 9 3 19
11 AS 9 9 . 5 1 5 5 4 10 0.0000 9 9 . 9 9 9 30
12 AY 8 . 6 6 5 5 4 10 0 . 0 2 3 4 9 7 . 6 5 9 23
13 AZ 4 4 . 9 7 0 5 4 10 0.0000 9 9 . 9 9 9 30
14 BA 1 . 5 9 7 5 4 10 0 . 2 1 5 2 7 8 . 4 7 5 31
15 BB 2 . 0 4 9 5 4 10 0 . 1 0 9 5 8 9 . 0 5 3 31
16 BC 7 0 . 0 1 6 5 4 10 , 0.0000 9 9 . 9 9 9 2 8
17 BD 4 . 4 9 9 5 4 10 0 . 0 0 7 3 9 9 . 2 7 4 2 8
18 BF 3 0 . 1 6 8 54 10 0.0000 9 9 . 9 9 9 30
19 BH 8 . 8 1 3 5 4 10 * 0 . 0 0 0 4 9 9 . 9 6 0 31
20 BQ 4 . 3 1 6 5 4 10 0 . 0 0 8 2 9 9 . 1 8 1 30
21 BU 1 1 . 7 2 5 54 10 0.0001 9 9 . 9 8 9 26
22 BY 3 7 . 3 2 8 54 10 0.0000 9 9 . 9 9 9 31
23 BX 4 . 0 9 3 5 8 6 0 . 0 7 0 3 9 5 . 9 7 2 32
24 BZ 4 . 4 6 2 .54 10 0 . 0 0 7 2 9 9 . 2 8 2 30
25 CC 1 0 . 3 5 9 5 4 10 0 . 0 0 0 2 9 9 . 9 9 9 29
2 6 FC 1 2 . 1 7 5 54 10 0 . 0 0 0 2 9 9 . 9 9 1 31
27 MB 8 8 . 3 6 3 5 4 10 0.0000 9 9 . 9 9 9 30
2 8 RA 1 9 . 9 4 0 5 4 10 0.0000 9 9 . 9 9 9 30
2 9 RC 1 0 . 7 8 2 5 4 10 0 . 0 0 0 2 9 9 . 9 8 4 31
30 RG 7 3 . 8 4 0 5 4 10 0.0000 9 9 . 9 9 9 31
31 RH 1 5 . 0 1 1 5 8 6 0 . 0 0 1 2 9 9 . 8 7 5 3 0
32 RI 3 . 9 8 2 5 4 10 0 . 0 1 1 2 9 8 . 8 8 0 31
33 RJ 2 . 7 1 1 54 10 0 . 0 4 5 2 9 5 . 4 8 2 31
3 4 SB 4 . 3 5 5 5 4 10 0 . 0 0 7 9 9 9 . 2 0 9 16
35 YS 2 3 . 9 7 4 54 10 0.0000 9 9 . 9 9 9 3 0
36 YZ 2 . 8 8 1 5 4 10 0 . 0 3 6 7 9 6 . 3 3 0 31
- 101 -
T a b le  XXI S i g n i f i c a n c e  ( F - R a t io )  o f  N orm al S u b j e c t s  T e m p e ra tu re  C y c le
F-Val DD.F1
F
° . f 2
Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days)
1- AA 4 . 2 4 2 5 4 10'- 0 , 0 0 8 8 9 9 . 1 2 4 29
2 AB 1 0 . 9 2 1 •54 10 0 . 0 0 0 2 9 9 . 9 8 5 31
3 AC 6 . 8 0 0 5 4 10 O'. 0 0 1 3 9 9 . 8 7 5 15
4 AF 3 . 4 8 4 54 10 0 . 0 1 8 6 9 8 . 1 4 3 2 8
5 AI 1 9 . 7 8 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
6 AJ 3 . 3 6 1 5 4 10 0 . 0 2 1 2 9 7 . 8 8 2 13
7 AK 4 . 4 7 6 5 4 10 0 . 0 0 7 1 9 9 . 2 9 1 2 0
8 AQ 3 . 1 3 3 5 4 10 0 . 0 2 7 3 9 7 . 2 6 7 6
9 AT 2 . 5 9 6 5 4 10 0 . 0 5 2 2 9 4 . 7 8 0 21
10 AU 2 . 2 5 3 5 4 10 0 . 0 8 2 2 9 1 . 7 7 5 2 9
11 AS 3 . 6 9 2 5 4 10 0 . 0 1 5 0 9 8 . 5 0 5 7
12 AY 1 2 . 7 8 2 5 4 10 0.0001 9 9 . 9 9 2 3
13 AZ 3 . 5 5 6 5 4 10 0 . 0 , 1 7 2 9 8 . 2 8 0 26
14 BA 1 2 . 3 3 4 5 4 10 0 . 0 0 0 1 9 9 . 9 9 1 29
15 BB 2 . 4 6 9 5 4 10 0 . 0 6 1 6 9 3 . 8 4 4 2 3
16 BC 1 3 . 1 5 9 54 10  . 0.0001 9 9 . 9 9 3 31
17 BD 3 . 0 2 2 5 4 10 0 . 0 3 1 0 9 6 . 8 9 6 30
18 BF 2 . 8 6 6 5 4 10 0 . 0 3 7 4 9 6 . 2 6 4 2 8
19 BH 9 . 1 7 2 54 10 . 0 . 0 0 0 3 9 9 . 9 9 9 31
2 0 BQ 7 . 5 2 5 5 4 10 0 . 0 0 0 8 9 9 . 9 1 9 6
21 BU 6 . 5 7 6 5 4 10 0 . 0 0 1 4 9 9 . 8 5 5 16
22 BY 3 0 . 9 9 6 5 4 10 0.0000 9 9 . 9 9 9 1
23 BX 3 . 1 7 8 5 4 10 0 . 0 2 5 9 9 7 . 4 0 6 13
2 4 BZ 3 . 8 4 4 54 10 0 . 0 1 2 8 9 8 . 7 1 7 26
25 CC 2 7 . 6 9 0 5 4 10 0.0000 9 9 . 9 9 9 2 4
26 FC 5 . 3 3 6 5 4 10 0 . 0 2 0 8 9 7 . 9 2 0 32
27 MB 2 0 . 5 0 3 5 4 10 0.0000 9 9 . 9 9 9 31
2 8 RA 1 1 . 4 9 6 5 4 10 0.0000 9 9 . 9 9 9 2
29 RC 4 . 5 3 2 54 10 0 . 0 0 6 7 9 9 . 3 2 5 30
30 RG 3 0 . 0 8 9 5 4 10 0.0000 9 9 . 9 9 9 2
31 RH 4 . 5 4 1 5 4 10 0 . 0 0 5 7 9 9 . 4 2 9 23
32 RI 3 . 9 4 3 5 4 10 0 . 0 1 1 6 9 8 . 4 3 7 2
33 RJ 2 . 7 1 1 5 4 10 0 . 0 4 5 2 9 5 . 4 8 2 3
34 SB 4 . 1 9 3 5 4 10 0 . 0 0 9 2 9 9 . 0 8 3 5
35 YS 1 0 . 9 5 4 5 8 6 0 . 0 0 3 0 9 9 . 6 9 7 32
36 YZ 1 9 . 8 7 4 54 10 0.0000 9 9 . 9 9 9 3 0
-  102 -
T a b le  XXII S i g n i f i c a n c e  ( F - R a t io )  o f  N orm al S u b j e c t s  -P u ls e  R a te  C y c le
F - V a l
D
D.Fj_
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1' AA 6 . 8 5 8 5 4 10* • 0 * 0 0 1 2 9 9 . 8 7 9 21
2 AB 5 . 7 3 4 5 4 10 0 . 0 0 2 6 9 9 . 7 4 2 2 0
3 AC 6 . 0 6 1 54 10 0 . 0 0 2 0 9 9 . 7 9 5 9
4 AF 3 . 0 6 5 5 4 10 0 . 0 2 9 5 9 7 . 0 4 7 2 4
5 AI 1 4 . 1 1 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 23
6 AJ 3 8 . 1 4 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 2 32
7 AK 3 . 9 1 5 5 4 10 0 . 0 1 2 0 9 8 . 8 0 4 29
8 AQ 9 . 2 9 6 5 4 10 0 . 0 0 0 3 9 9 . 9 6 8 3 0
9 AT 3 . 1 8 1 5 4 10 0 . 0 2 5 9 9 7 . 4 1 3 30
10 AU 3 . 0 0 7 5 4 10 0 . 0 3 1 6 9 6 . 8 4 1 2 6
11 AS 1 . 8 0 5 5 4 10 0 . 1 5 6 6 8 4 . 3 4 3 31
12 AY 4 . 7 2 5 5 4 10 0 . 0 0 5 7 9 9 . 4 2 9 26
13 AZ 7 . 6 4 6 54 10 0 . 0 0 8 1 9 9 . 1 9 1 32
14 BA 4 . 4 3 0 5 4 10 0 . 0 0 6 2 9 9 . 3 8 0 31
15 BB 1 . 1 7 4 5 4 10 0 . 0 9 1 7 9 0 . 8 2 9 6
16 BC 5 . 4 3 1 5 4 10 ' 0 . 0 0 3 2 9 9 . 6 7 6 24
17 BD 5 . 9 8 9 5 4 10 0 . 0 0 2 2 9 9 . 7 8 5 23
18 BF 2 . 5 2 7 . 5 4 10 0 . 0 4 1 2 9 5 . 8 8 4 2 4
19 BH 3 . 0 0 7 5 4 10  ‘ 0 . 0 3 1 6 9 6 . 8 4 1 26
20 BQ 4 . 0 2 0 5 4 10 0 . 0 1 0 8 9 8 . 9 2 0 30
21 BU 4 . 4 8 0 5 4 10 0 . 0 0 7 1 9 9 . 2 9 3 26
22 BY 3 . 3 7 6 5 4 10 0 . 0 2 0 8 9 7 . 9 1 6 1
2 3 BX 5 . 3 5 4 5 4 10 0 . 0 0 3 7 9 9 . 6 5 7 30
2 4 BZ 7 . 1 9 5 5 4 10 0 . 0 0 1 0 9 9 . 9 0 2 30
25 CC 2 . 9 7 6 5 4 10 0 . 0 3 2 8 9 6 . 7 2 3 23
26 FC 2 3 . 1 5 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 26
2 7 MB 1 4 . 1 1 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 27
2 8 RA 2 . 5 2 7 5 4 10 0 . 0 5 7 1 9 5 . 8 8 4 4
29 RC 2 . 5 3 2 5 4 10 0 . 0 5 6 7 9 4 . 3 3 2 25
3 0 RG 2 . 7 8 6 5 4 10 0 . 0 4 1 2 9 5 . 8 8 4 22
31 RH 5 . 8 2 9 5 4 10 0 . 0 0 2 0 9 9 . 7 5 9 8
32 RI 5 . 9 3 1 5 4 10 0 . 0 0 1 4 9 9 . 8 5 5 4
33 RJ 6 . 4 6 0 5 4 10 0 . 0 0 1 6 9 9 . 8 4 4 22
34 SB 2 . 8 5 0 5 4 10 0 . 0 3 8 1 9 6 . 1 9 0 15
35 YS 6 . 7 3 4 54 10 0 . 0 0 1 3 9 9 . 8 6 9 24
36 YZ 3 . 5 1 3 5 4 10 0 . 0 1 8 0 9 8 . 2 0 1 31
I
-  103 -
T a b le  X X III  S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  P e r fo rm a n c e  C y c le
F ~ V a l
D
D. F^
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1. AL 4 . 6 0 1 5 4 10- 0 . 0 0 6 4 9 9 . 3 6 5 29
2 AN 8 . 4 5 1 5 4 10 o : o o o 6 9 9 . 9 4 3 11
3 BE 4 . 8 6 9 5 4 10 0.. 0 0 5 1 9 9 . 4 9 4 2 8
4 FH 8 . 6 6 8 5 4 10 0 . 0 0 0 4 9 9 . 9 5 7 21
5 GC 1 0 . 3 9 5 5 8 6 0 . 0 0 3 5 9 9 . 6 5 0 32
6 ED 1 4 . 2 2 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 5 31
7 CH 4 . 5 8 2 5 4 10 0 . 0 0 6 5 9 9 . 3 5 4 2 9
8 CO 1 0 . 0 6 5 5 8 6 0 . 0 0 3 8 9 9 . 6 1 7 32
9 DE 1 7 . 7 8 6 5 4 10 0 . 0 0 0 0 9 9 . 9 7 8 31
10 EB 8 . 1 8 2 5 4 10 0 . 0 0 0 6 9 9 . 9 4 4 11
11 DL 4 . 3 9 8 5 4 10 0 . 0 0 7 6 9 9 . 2 4 0 15
12 AE 1 7 . 6 5 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 8 31
13 IC 2 . 4 4 0 5 4 10 0 . 0 6 3 9 9 3 . 6 0 5 7
14 PB 5 . 9 9 0 5 4 10 0 . 0 0 2 2 9 9 . 7 8 5 5
15 TB 6 . 1 6 1 5 4 10 0 . 0 0 1 9 9 9 . 8 0 9 25
16 WH 1 . 3 3 4 5 4 10 0 . 3 2 4 8 6 7 . 5 2 3 18
17 HE 7 . 3 7 1 5 4 10  * 0 . 0 0 0 9 9 9 . 9 1 2 2 9
18 MT 2 7 . 4 4 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 29
19 TU 2 . 8 0 8 5 4 10 0 . 0 4 0 1 9 5 . 9 9 1 21
2 0 SK 4 4 . 8 4 9 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0
21 UH 7 . 2 5 1 5 4 10 0 . 0 0 0 9 9 9 . 9 0 5 25
22 EH 4 . 3 3 1 5 4 10 0 . 0 0 8 1 9 9 . 1 9 2 30
23 MM 1 . 2 0 2 5 4 10 0 . 3 9 9 8 6 0 . 0 2 4 14
24 MA 2 . 4 1 8 5 4 10 0 . 0 6 5 8 9 3 . 4 1 9 2 8
25 GT 7 . 0 9 3 5 4 10 0 . 0 1 0 9 9 . 8 9 6 21
-  104 -
T a b le  XXIV S i g n i f i c a n c e  ( F - R a t io )  o f  N o rm al S u b je c t 's  .P e r fo rm a n c e  C y c le
F - V a l
D.
D . F i
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1. AA 6 . 1 8 2 54 1 0 . / 0 . 0 0 1 9 9 9 . 8 1 2 31
2 AB 2 2 . 2 8 8 5 4 '.10 o :oooo 9 9 . 9 9 9 3 0
3 AC 2 9 . 3 9 2 5 4 10 0 . . 0 0 0 0 9 9 . 9 9 9 30
4 AF 2 4 . 4 5 8  . 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
5 AI 2 . 6 1 7 5 4 10 0 . 0 5 0 8 9 4 . 9 1 5 31
6 AJ 6 2 . 0 3 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
7 AK 2 8 . 7 3 1 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
8 AQ 2 3 . 5 3 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
9 AT 2 2 . 9 8 3 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31
10 AU 8 3 . 8 2 6 54 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0
11 AS 3 4 . 9 4 1 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0
12 AY 1 6 . 0 6 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 7 3 0
13 AZ 1 0 . 7 6 1 54 10 0 . 0 0 0 0 9 9 . 9 8 1 3 0
14 BA 8 . 3 6 0 5 4 10 0 . 0 D 0 5 9 9 . 9 4 9 31
15 BB 1 1 . 5 4 0 54 10 0 . 0 0 0 1 9 9 . 9 8 8 31
16 BC 1 4 . 5 3 5 5 4 10 0 . 0 0 0 0 9 9 . 9 9 6 3 0
17 BD 4 2 . 6 9 8 5 4 10  ' 0 . 0 0 0 0 9 9 . 9 9 9 3 0
18 BF 1 4 . 0 8 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 29
19 BH 6 7 . 3 6 5 5 8 6 0 . 0 0 0 0 9 9 . 9 9 8 3 0
20 BQ 4 . 1 8 4 5 4 10 0 . 0 0 9 3 9 9 . 0 7 5 25
21 BU 1 1 . 2 4 6 5 4 10 0 . 0 0 1 3 9 9 . 9 8 6 31
2 2 BY 3 . 8 5 7 5 4 10 0 . 0 0 0 1 9 8 . 7 3 3 3 0
23 BX 1 5 . 0 6 2 5 4 10 0 . 0 1 2 7 9 9 . 9 9 9 27
24 BZ 1 4 . 8 6 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 25
25 CC 2 7 . 8 3 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
26 FC 8 7 . 5 9 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
27 MB 1 6 . 0 5 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
2 8 RA 4 0 . 7 8 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 7 30
29 RC 3 1 . 2 5 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 2 9
30 RG 1 5 . 0 2 2 54 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0
31 RH 4 . 1 8 4 5 4 10 0 . 0 0 9 3 9 9 . 9 9 6 2 6
32 RI 5 . 0 0 4 5 4 10 0 . 0 0 4 5 9 9 . 9 7 5 29
33 RJ 4 . 1 2 4 5 4 10 0 . 0 0 9 8 9 9 . 0 2 1 30
34 SB 3 0 . 2 1 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
35 YS 1 0 . 7 9 6 5 4 10 0 . 0 0 0 0 9 9 . 9 8 2 3 0
36 YZ 5 1 . 4 6 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30
37 ZA 4 6 6 . 8 2 9 122 6 0 . 0 0 0 0 9 9 . 9 9 9 3 0
38 ZB 5 0 8 . 6 8 0 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 31
39 ZC 3 5 0 . 1 5 9 122 6 0 . 0 0 0 0 9 9 . 9 9 9 32
4 0 ZD 1 2 7 . 9 9 4 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
Û
-  105 -
T a b le  XXV S i g n i f i c a n c e  ( F - R a t io )  o f  N o rm al S u b je c t 's  Mood ( A l e r t n e s s )
C y c le
F - V a l
D
D . F j
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s ) E
1 AA 2 . 6 8 5 54 10 O'. 0 4 6 7 9 5 . 3 3 9 5 10
2 AB 7 . 3 7 8 54 10 0 . 0 0 0 9 9 9 . 9 1 2 10 2 4
3 AC 2 . 0 2 9 5 4 10 0 . 1 1 2 8 8 8 . 7 2 4 9 11
4 AF 3 . 8 3 4 5 4 10 0 . 0 1 3 0 9 8 . 7 0 4 30 2 2
5 AI 6 . 9 9 4 5 4 10 0 . 0 0 1 1 9 9 . 9 8 9 31 25
6 AJ 3 . 1 9 7 5 4 10 0 . 0 2 5 4 9 7 . 4 6 0 2 6
7 AK 1 . 5 2 5 5 4 10 0 . 2 4 0 7 7 5 . 9 2 5 10 18
8 AQ 8 . 0 8 6 5 4 10 0 . 0 0 0 6 9 9 . 9 4 1 28 22
9 AT 6 . 1 8 2 5 4 10 0 . 0 0 1 9 9 9 . 8 1 2 31 30
10 AU 2 . 5 7 2 5 4 10- 0 . 0 5 3 9 9 4 . 6 1 4 27 13
11 AS 2 . 9 3 7 5 4 10 0 . 0 3 4 3 9 5 . 5 6 9 5 19
12 AY 7 . 0 7 0 54 10 0 . 0 1 0 0 9 9 . 0 0 3 31 25
13 AZ 4 . 6 6 9 5 8 6 0 . 0 2 9 1 9 7 . 0 8 5 32 30
14 BA 6 . 2 4 5 5 4 10 0 . 0 0 1 8 9 9 . 8 2 0 2 8 24
15 BB 4 . 6 8 0 5 4 10 0 . 0 0 5 9 9 9 . 4 0 6 23 24
16 BC 2 . 7 5 2 5 4 10 *■ 0 . 0 4 2 9 9 5 . 7 0 7 31 24
17 BD 4 . 3 9 1 5 4 . 10 0 . 0 3 3 9 9 6 . 6 0 6 27 23
18 BF 3 . 0 6 7 5 4 10 0 . 0 2 9 5 9 7 . 0 5 4 24 22
19 BH 4 . 9 8 5 5 4 10  ‘ 0 . 0 0 4 6 9 9 . 5 4 0 31 29
20 BQ 7 . 5 2 5 5 4 10 0 . 0 0 0 8 9 9 . 9 1 9 29 18
21 BU 7 . 3 3 4 5 4 10 0 . 0 0 0 9 9 9 . 9 1 0 2 7 19
22 BY 2 9 . 7 9 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0 2 4
2 3 BX 4 . 6 2 9 5 4 10 0 . 0 0 6 2 9 9 . 3 8 0 3 5
24 BZ 4 . 6 6 0 5 4 10 0 . 0 0 6 0 9 9 . 3 9 6 30 30
2 5 CC 6 . 9 0 3 54 10 0 . 0 0 1 2 9 9 . 8 8 3 29 24
2 6 FC 2 . 2 9 6 5 4 10 0 . 0 7 7 6 9 2 . 2 4 5 2 8 25
27 MB 1 1 . 1 9 7 5 4 10 0 . 0 0 0 1 9 9 . 9 8 6 31 30
2 8 RA 7 . 5 1 4 5 4 10 0 . 0 0 0 8 9 9 . 9 1 9 3 0 3 0
29 RC 2 7 . 5 4 4 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 23
30 RG 3 . 5 6 1 5 4 10 0 . 0 1 7 1 9 8 . 2 8 8  . 18 2 0
31 RH 1 . 9 1 9 5 4 10 0 . 1 3 2 2 8 6 . 7 8 2 8 10
32 RI 6 . 8 0 0 5 4 10 0 . 0 0 1 3 9 9 . 8 7 5 30 24
33 RJ 6 . 4 5 9 5 4 10 0 . 0 0 1 6 9 9 . 8 4 4 17 2 0
34 SB 4 . 4 7 9 5 4 10 0 . 0 0 7 1 9 9 . 2 9 3 27 15
35 YS 2 . 6 3 2 5 4 10 0 . 0 4 9 9 9 5 . 0 1 1 26 24
36 YZ 2 . 6 7 0 5 4 10 0 . 0 4 7 5 9 5 . 2 4 6 13 16
37 ZA 6 . 7 9 5 54 10 0 . 0 0 1 3 9 9 . 8 7 4 31 30
3 8 ZB 2 2 5 0 . 6 1 7 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 32 31
39 ZC 2 7 0 3 . 7 9 2 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
4 0 ZD 2 7 1 7 . 8 4 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
-  .106 -
T a b le  XXVI S i g n i f i c a n c e  ( F - R a t io )  o f  N o rm al S u b j e c t s  M o o d -(C a lm n e ss)
C y c le
F - V a l
D
D . F 1
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
Z
1 AA 1 0 . 3 0 4 54 10 0 . 0 0 0 2 9 9 . 9 8 0 18 16
2 AB 3 . 4 7 7 5 4 10 0 . 0 1 8 7 9 8 . 1 3 0 30 15
3 AC 3 . 6 9 2 54 10 0 ‘. 0 1 4 9 9 8 . 5 0 5 5 5
4 AF 2 . 2 5 9 5 4 10 0 . 0 8 1 6 9 1 . 8 4 4 23 11
5 AI 6 . 4 2 0 5 4 10 0 . 0 0 1 6 9 9 . 8 4 0 31 3 0
6 AJ 2 . 4 7 0 5 4 10 0 . 0 6 1 5 9 3 . 8 5 2 6 6
7 AK 1 8 . 1 4 5 5 8 6 0 . 0 0 0 7 9 9 . 9 2 7 32 30
8 AQ 2 . 0 3 0 5 4 10 0 . 1 1 2 4 8 8 . 7 5 5 17 23
9 AT 3 . 9 2 5 5 4 10 0 . 0 1 1 8 9 8 . 8 1 5 31 31
10 AU 1 3 . 9 2 2 5 4 10 0 . 0 0 0 1 9 9 . 9 9 5 28 22
11 AS 3 . 4 0 4 5 4 10 0 . 0 2 0 2 9 7 . 9 7 7 20 15
12 AY 3 . 3 6 0 5 4 10 0 . 0 2 1 2 9 7 . 8 8 0 10 20
13 AZ 2 0 . 6 2 4 54 10 o .pooo 9 9 . 9 9 9 31 31
14 BA 6 . 9 4 0 5 4 10 0 . 0 0 1 1 9 9 . 8 8 5 31 2 8
15 BB 5 . 1 5 6 54 10 0 . 0 0 4 0 9 9 . 5 9 9 31 31
16 BC 4 . 6 2 9 5 4 10 ' . 0 . 0 0 6 2 9 9 . 3 8 0 29 14
17 BD 2 . 3 3 2 54 10 0 . 0 7 3 9 9 2 . 6 1 4 28 15
18 BF 2 . 2 5 5 5 4 10 0 . 0 8 2 1 9 1 . 7 9 4 9 11
19 BH 1 2 . 4 9 5 5 4 10 ' 0 . 0 0 0 1 9 9 . 9 9 2 31 31
20 BQ 5 . 6 2 1 54 10 0 . 0 0 2 8 9 9 . 7 1 9 2 0 23
21 BU 5 . 8 0 0 5 4 10 0 . 0 0 2 5 9 9 . 7 5 4 25 26
22 BY 6 . 9 4 0 54 10 0 . 0 0 1 1 9 9 . 8 8 5 29 2 7
23 BX 2 . 3 7 4 5 4 10 0 . 0 6 9 8 9 3 . 0 2 1 5 5
24 BZ 2 4 . 1 0 6 5 8 6 . 0 . 0 0 0 3 9 9 . 9 6 8 32 31
25 CC 7 . 8 3 4 5 4 10 0 . 0 0 0 7 9 9 . 9 3 2 25 27
26 FC 1 8 . 5 6 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30 2 9
27 MB 2 . 1 7 4 54 10 0 . 0 1 9 8 9 0 . 8 2 4 30 31
2 8 RA 7 . 2 3 5 5 8 6 0 . 0 4 8 4 9 5 . 1 5 6 31 31
29 RC 2 . 3 2 1 54 10 0 . 0 7 5 0 9 2 . 5 0 3 24 24
30 RG 7 . 2 3 5 5 4 10 0 . 0 0 1 0 9 9 . 9 0 4 12 15
31 RH 5 . 1 1 4 5 4 10 0 . 0 0 4 1 9 9 . 5 8 5 6 5
32 RI 2 . 7 8 4 54 10 0 . 0 4 1 3 9 5 . 8 7 5 25 24
33 RJ 6 . 9 3 0 54 10 0 . 0 0 1 2 9 9 . 8 8 5 11 15
34 SB 3 . 2 3 8 5 4 10 0 . 0 2 4 3 9 7 . 5 7 3 13 14
35 YS 3 ^ 5 1 2 5 4 10 0 . 0 1 8 0 9 8 . 1 9 9 24 26
36 YZ 4 . 2 1 6 5 4 10 0 . 0 0 9 0 9 9 . 1 0 2 31 23
37 ZA 3 7 . 9 1 1 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
3 8 ZB 7 1 4 5 . 9 9 3 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
39 ZC 6 1 4 . 6 0 7 1 22 6 0 . 0 0 0 0 9 9 . 9 9 9 32 31
4 0 ZD 2 9 9 0 . 3 9 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
-  107 -
T a b le  XXVI S i g n i f i c a n c e  ( F - R a t io )  o f  N orm al S u b j e c t ’s  .Mood'
( C o n te n te d n e s s )  C y c le
F - V a l
D
D . F 1
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
X
l ’ AA 9 . 9 6 2 5 4 10 0 . 0 0 0 2 9 9 . 9 7 7 5 4
2 AB 1 8 . 3 1 4 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 2 9 2 0
3 AC 3 . 2 8 2 5 4 10 O'. 0 2 3 1 9 7 . 6 8 8 27 21
4 AF 2 . 4 8 3 5 4 10 0 . 0 6 0 4 9 3 . 9 6 1 31 3 0
5 AI 2 . 4 5 4 54 10 0 . 0 6 2 8 9 3 . 7 2 1 14 14
6 AJ 3 . 0 3 2 5 4 10 0 . 0 8 1 4 9 1 . 8 5 7 32 23
7 AK 9 . 5 3 9 5 4 10 0 . 0 0 0 3 9 9 . 9 7 2 30 3 0
8 AQ 9 . 5 5 5 5 4 10 0 . 0 0 0 3 9 9 . 9 7 2 19 18
9 AT 5 . 5 3 6 5 4 10 0 . 0 0 3 0 9 9 . 7 0 1 3 0 3 0
10 AU 2 . 5 0 4 5 4 10 0 . 0 0 3 0 9 4 . 1 2 3 2 2 19
11 AS 1 . 7 1 8 5 4 10 0 . 0 5 8 8 8 2 . 1 3 1 17 16
12 AY 2 . 1 1 9 5 4 10 0 . 1 7 8 7 9 0 . 0 9 4 16 21
13 AZ 3 . 3 6 2 5 4 10 0 . P 9 9 1 9 7 . 8 8 3 2 8 30
14 BA 8 . 4 2 7 54 10 0 . 0 2 1 2 9 9 . 9 5 1 27 20
15 BB 5 . 5 3 3 54 10 0 . 0 0 0 5 9 9 . 7 0 0 2 4 2 0
16 BC 2 . 9 4 6 54 1 0 ' 0 . 0 0 3 0 9 6 . 6 0 4 25 29
17 BD 8 . 4 8 7 5 4 10 0 . 0 0 0 5 9 9 . 9 5 2 2 9 2 8
18 BF 2 . 6 0 1 5 4 10 0 . 0 5 1 9 9 4 . 8 1 2 2 8 3 0
19 BH 2 1 . 8 1 7 5 4 10  1 0 . 0 0 0 0 9 9 . 9 9 9 31 31
2 0 BQ 8 . 5 6 5 5 4 10 0 . 0 0 0 5 9 9 . 9 5 4 2 0 18
21 BU 4 0 . 4 1 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 2 0
2 2 BY 8 . 4 2 7 5 4 10 0 . 0 0 0 5 9 9 . 9 5 1 27 2 0
23 BX 2 . 7 3 3 54 10 0 . 0 4 3 9 9 5 . 6 0 7 30 22
24 BZ 3 . 5 3 9 5 4 10 0 . 0 1 7 5 9 8 . 2 4 9 2 8 28
25 CC 6 . 1 2 1 5 8 6 0 . 0 0 2 0 9 9 . 8 0 4 31 29
2 6 FC 3 . 0 0 6 5 4 10 0 . 0 8 3 0 9 1 . 6 9 8 32 30 '
2 7 MB 2 . 1 7 3 5 4 10 0 . 0 9 1 9 9 0 . 8 0 7 21 2 6
2 8 ’ RA 9 . 0 1 3 5 4 10 0 . 0 0 0 4 9 9 . 9 6 4 31 30
2 9 RC 3 . 8 8 9 5 4 10 0 . 0 1 2 8 9 8 . 7 7 3 27 29
30 RG 3 . 4 2 0 5 4 10 0 . 0 1 9 9 9 8 . 0 1 2 19 15
31 RH 2 . 9 7 5 54 10 0 . 0 3 2 8 9 6 . 7 1 8 2 6 21
32 RI 3 . 7 2 9 5 4 10 0 . 0 1 4 4 9 8 . 5 6 0 2 6 2 8
33 RJ 3 . 4 2 6 54 10 0 . 0 1 9 7 9 8 . 0 2 6 18 15
34 SB 3 . 0 5 1 5 4 10 0 . 0 3 0 0 9 2 . 7 0 0 1 12
35 YS 6 . 7 3 5 5 4 10 0 . 0 0 1 3 9 9 . 8 6 9 23 23
36 YZ 4 . 3 7 3 5 4 10 0 . 0 0 7 8 9 9 . 2 2 2 18 27
37 ZA 1 0 5 . 8 9 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 30
3 8 ZB 2 5 9 0 . 0 4 6 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
39 ZC 2 6 4 . 0 0 6 12 2 6 0 . 0 0 0 0 9 9 . 9 9 9 32 32
4 0 ZD 5 3 2 . 8 8 7 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32 3,2
-  108  -
T a b le  XXV III S i g n i f i c a n c e  ( F - R a t io )  o f  N orm al S u b je c t 's  Mobd (S le e p )
C y c le
F - V a l
D
D . F 1
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
I
1 AA 3 . 6 6 6 5 4 10 0 . 0 1 5 4 9 8 . 4 6 5 29 23
2 AB 1 5 . 9 8 0 5 4 10 - 0 . 0 0 0 0 9 9 . 9 9 7 29 2 9
3 AC 1 . 8 3 1 54 10 0 1 1 5 0 7 8 4 . 9 3 4 21 2 5
4 AF 2 . 7 2 1 5 4 10 0 . 0 4 4 6 9 5 . 5 3 8 2 3 24
5 AI 2 . 9 3 6 5 4 10 0 . 0 3 4 4 9 6 . 5 6 4 21 25
6 AJ 4 . 9 9 0 5 4 10 0 . 0 0 4 6 9 9 . 5 4 2 25 2 3
7 AK 6 . 1 4 3 5 4 10 0 . 0 0 1 9 9 9 . 8 0 7 31 30
8 AQ 6 . 3 4 8 5 4 10 0 . 0 0 1 7 9 9 . 8 3 2 31 23
9 AT 2 9 . 3 9 0 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
10 AU 1 8 . 4 9 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 8 3 0 23
11 AS 3 . 1 5 8 5 4 10 0 . 0 2 6 6 9 7 . 3 4 4 30 27
12 AY 1 2 . 9 7 6 54 10 0 . 0 0 0 2 9 9 . 9 8 5 2 6 2 8
13 AZ 3 . 8 8 2 5 4 10 0 . D 1 2 4 9 8 . 7 6 4 2 6 2 8
14 BA 2 . 9 2 9 5 4 10 0 . 0 3 4 6 9 6 . 5 3 6 31 2 8
15 BB 1 . 8 8 1 5 4 10 0 . 1 3 9 8 8 6 . 0 1 6 4 18
16 BC 5 6 . 1 8 6 5 4 1 0 ' 0 . 0 0 0 0 9 9 . 9 9 9 30 15
17 BD 6 . 1 1 2 5 4 10 0 . 0 0 2 0 9 9 . 8 0 3 25 15
18 BF 7 . 8 5 6 5 4 10 0 . 0 0 0 7 9 9 . 9 3 3 26 2 4
19 BH 1 . 9 7 6 5 4 1 0 ’ 0 . 1 2 1 6 8 7 . 8 3 6 29 2 8
20 BQ 5 . 5 6 4 5 4 10 0 . 0 0 2 9 9 9 . 7 0 7 30 23
21 BU 1 3 . 1 0 0 5 4 10 0 . 0 0 0 1 9 9 . 9 9 3 30  ' 22
22 BY 4 9 . 9 3 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 30 2 8
23 BX 4 . 5 4 1 5 4 10 0 . 0 0 6 7 9 9 . 3 3 1 2 6 22
2 4 BZ 3 . 2 0 0 5 4 10 0 . 0 2 5 3 9 7 . 4 6 8 2 5 2 7
25 CC 7 . 6 7 6 5 4 10 0 . 0 0 0 7 9 9 . 9 2 6 3 0 30
2 6 FC. 1 6 . 6 7 4 5 4 10 0 . 0 0 0 0 9 9 . 9 9 8 31 26
2 7 MB 2 1 . 1 1 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 2 9 2 6
28 RA 4 . 8 6 9 5 4 10 0 . 0 0 5 1 9 9 . 4 9 4 30 31
29 RC 1 6 . 1 1 2 54 10 0 . 0 0 0 0 9 9 . 9 9 7 25 2 3
3 0 RG 4 . 6 3 0 5 4 10 0 . 0 0 6 2 9 9 . 3 8 0 11 25
31 RH 3 . 3 0 2 5 4 10 0 . 0 2 2 6 9 7 . 7 4 0 29 30
32 RI 3 . 1 7 8 5 4 10 0 . 0 2 5 9 9 7 . 4 0 6 31 2 3
33 RJ 4 . 3 4 4 5 4 10 0 . 0 0 8 0 9 9 . 2 0 2 13 18
34 SB 1 . 7 6 7 5 4 10 0 . 1 6 5 9 8 3 . 4 0 7 27 19
35 YS 5 . 5 0 1 5 4 10 0 . 0 0 3 1 9 9 . 6 9 3 2 0 23
36 YZ 4 . 6 5 0 5 4 10 0 . 0 0 6 1 9 9 . 3 9 1 24 2 4
37 ZA 3 . 3 4 8 5 4 10 0 . 0 2 1 5 9 7 . 8 5 1 27 29
3 8 ZB 3 6 2 1 . 7 7 6 1 1 8 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
39 ZC 4 6 . 0 0 9 1 22 6 0 . 0 0 0 0 9 9 . 9 9 5 32 31
4 0 ZD 2 1 . 7 6 9 5 8 6 0 . 0 0 0 4 9 9 . 9 5 7 32 32
-  109 -
T a b le  XXIX S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  Mood ( A l e r t n e s s )
C y c le
F - V a l D.
D . F 1
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
E
1 AL 7 . 3 0 2 54 10 0 . 0 0 0 9 9 9 . 9 0 8 31 2 7
2 AN 1 0 . 1 0 8 5 4 10 0 ‘. 0 0 0 2 9 9 . 9 7 8 31 17
3 BE 3 . 0 9 3 5 4 10 0 . 0 2 4 5 9 7 . 5 5 2  ■ 10 12
4 FH 3 . 7 3 2 54 10 0 . 0 1 4 3 9 8 . 5 6 5 2 12
5 GC 1 3 . 9 5 0 5 4 10 0 . 0 0 0 1 9 9 . 9 9 5 31 27
6 ED 5 . 9 3 4 5 4 10 0 . 0 0 2 2 9 9 . 7 7 6 31 2 8
7 CH 5 . 6 6 5 54 10 0 . 0 0 2 7 9 9 . 7 2 8 26 26
8 CO 1 . 9 1 1 54 10 0 . 1 3 3 7 8 6 . 6 2 6 15 21
9 DE 2 . 9 2 9 5 4 10 0 . 0 3 4 6 9 6 . 5 3 7 8 2 5
10 EB 5 . 9 8 3 5 4 10 0 . 0 0 2 2 9 9 . 7 8 4 29 2 8
11 DL 5 . 3 1 3 5 4 10 0 . 0 0 3 5 9 9 . 6 4 6 25 15
12 AE 2 . 3 5 3 54 10 0 . 0 7 1 8 9 2 . 8 2 4 22 12
13 IC 5 . 4 6 0 5 4 10 0 . 0"0 3 2 9 9 . 6 8 3 31 12
14 PB 3 . 0 8 6 5 4 10 0 . 0 2 8 8 9 7 . 1 1 7 26 16
15 TB 1 2 . 3 5 3 5 4 10  . 0 . 0 0 0 1 9 9 . 9 9 1 31 16
16 WH 3 . 9 0 6 5 4 10 0 . 0 1 2 1 9 8 . 7 9 4 2 6 2 6
17 HE 7 . 2 2 5 5 4 10 0 . 0 0 1 0 9 9 . 9 0 4 31 3 0
18 MT 3 . 5 5 0 54 10 ‘ 0 . 0 1 8 3 9 8 . 1 7 4 25 1 8
19 TU 1 9 . 2 3 1 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 23 2 0
2 0 SK 2 0 . 5 4 0 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 22
21 UH 1 7 . 0 9 2 54 10 0 . 0 0 0 0 9 9 . 9 9 8 31 24
22 EH 1 0 . 2 5 2 5 4 10 0 . 0 0 0 2 9 9 . 9 7 9 2 8 25
23 MM 3 . 4 9 2 54 10 0 . 0 1 8 4 9 8 . 1 6 0 15 11
24 MA 4 . 4 2 0 5 4 10 0 . 0 0 7 5 9 9 . 2 5 5  t 18 18
25 GT 2 . 3 4 5 5 4 10 0 . 0 7 2 6 9 2 . 7 4 0 8 10
- 110 -
T a b le  XXX S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  Mood ( C o n te n te d n e s s )
C y c le
F - V a l
D
D . F j
.F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s ) £
1 AL 5 . 3 1 6 54 10 0 . 0 0 3 5 9 9 . 6 4 6 31 31
2 AN 2 . 5 6 1 5 4 10 0 . 0 5 4 6 9 4 . 5 3 9 17 26
3 BE 2 . 2 9 8 5 4 10 0 . 0 7 7 4 9 2 . 2 6 3 22 23
4 FH 3 . 0 5 2 5 4 10 0 . 0 3 0 0 9 7 . 0 0 0 8 8
5 GC 1 9 . 6 9 9 54 10 0 . 0 0 0 0 9 9 . 9 9 9 3 0 3 0
6 ED 3 . 5 7 5 5 4 10 0 . 0 1 6 9 9 8 . 3 1 3 1 10
7 CH 2 1 . 6 8 5 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 20
8 CO 4 . 5 1 1 5 4 10 0 . 0 0 6 9 9 9 . 3 1 2 31 2 7
9 DE 2 . 3 6 9 5 4 10 0 . 0 7 0 2 9 2 . 9 7 7 20 21
10 EB 6 . 5 2 7 5 4 10 0 . 0 0 1 5 9 9 . 8 5 1 19 23
11 DL 7 . 8 3 5 54 10 0 . 0 0 0 7 9 9 . 9 3 2 27 18
12 AE 2 . 3 8 3 54 10 0 . 0 6 8 9 9 3 . 1 0 6 2 3 2 3
13 IC 7 . 3 7 3 5 4 10 0 . 0 t ) 0 9 9 9 . 9 1 2 30 18
14 PB 7 . 4 2 2 5 4 10 0 . 0 0 0 9 9 9 . 9 1 4 13 19
15 TB 1 . 6 2 2 5 4 10 , 0 . 2 0 7 1 7 9 . 2 9 4 17 12
16 WH 3 . 6 7 5 5 4 10 0 . 0 1 5 2 9 8 . 4 7 9 18 19
17 HE 1 0 . 0 9 8 5 4 10 0 . 0 0 0 2 9 9 . 9 7 8 23 30
18 MT 6 5 . 4 7 1 5 4 10 ■ 0 . 0 0 0 0 9 9 . 9 9 9 30 3 0
19 TU 2 . 3 0 0 5 4 10 0 . 0 7 7 2 9 2 . 2 8 5 2 3 16
2 0 SK 4 . 5 2 8 5 4 10 0 . 0 0 6 8 9 9 . 3 2 3 27 22
21 UH 3 3 . 0 6 3 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
22 EH 8 . 9 0 9 5 4 10 0 . 0 0 0 4 9 9 . 9 6 2 19 23
23 MM 2 . 7 0 1 5 4 10 0 . 0 4 5 7 9 5 . 4 2 9 21 18
24 MA 3 . 0 8 6 54 10 0 . 0 2 8 8 9 7 . 1 1 7 10 11
2 5 GT 5 . 4 0 0 5 4 10 0 . 0 0 3 3 9 9 . 6 6 9 12 10
-  .1.11 -
T a b le  XXXI S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t s  Mood (C a lm n e ss)  C y c le
F - V a l
D
D . F 1
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  (d a y s ) I
1- AL 6 . 5 9 0 5 4 10'. 0 . 0 0 1 4 9 9 . 8 5 7 3 0 13
2 AN 2 . 8 6 6 5 4 10 O'. 0 3 7 4 9 6 . 2 6 3 31 23
3 BE 3 . 0 2 8 5 4 10 0 . 0 3 0 8 9 6 . 9 1 8 16 19
4 FH 2 . 0 7 3 54 10 0 . 1 1 0 5 8 8 . 9 5 3 25 12
5 GC 1 9 . 7 6 5 54 10 0 . 0 0 0 0 9 9 . 9 9 9 30 23
6 ED 2 . 0 2 3 5 4 10 0 . 1 1 3 7 8 8 . 6 3 1 20 2 4
7 CH 2 . 9 9 9 5 4 10 0 . 0 3 1 9 9 6 . 8 1 2 23 2 3
8 CO 4 . 9 5 6 5 4 10 0 . 0 2 5 1 9 7 . 4 9 2 3 2 3 0
9 DE 8 . 1 6 9 54 10 0 . 0 0 0 6 9 9 . 9 4 4 29 3 0
10 EB 6 . 5 1 5 5 4 10 0 . 0 0 1 5 9 9 . 8 4 9  • 2 0 16
11 DL 2 . 3 8 2 5 4 10 0 . 0 6 9 0 9 3 . 0 7 1 2 8 25
12 AE 5 . 2 4 4 5 4 10 0 . 0 0 3 7 9 9 . 6 2 6 31 22
13 IC 3 . 1 0 6 54 10 0 . 0 , 3 1 3 9 6 . 8 7 4 31 23
14 PB 3 . 2 5 9 54 10 0 . Ü 2 3 7 9 7 . 6 3 0 5 6
15 TB 4 . 0 8 6 5 4 10 0 . 0 1 0 1 9 8 . 9 8 6 14 13
16 WH 5 . 0 8 3 54 10 0 . 0 0 4 3 9 9 . 5 7 5 20 17
17 HE 7 . 9 2 0 54 10 0 . 0 0 0 6 9 9 . 9 3 5 3 0 30
18 MT 5 . 0 8 5 5 4 10 0 . 0 0 4 2 9 9 . 5 7 6 11 20
19 TU 2 . 4 7 1 5 4 10 . 0 . 0 6 1 4 9 3 . 8 5 9 12 16
20 SK 7 . 8 9 8 5 4 10 0 . 0 0 0 7 9 9 . 9 2 7 13 13
21 UH 3 . 5 3 1 54 10 0 . 0 1 7 7 9 8 . 2 3 4 2 9 29
22 EH 1 1 . 5 5 4 54 10 0 . 0 0 0 1 9 9 . 9 8 8 18 16
23 MM 2 . 6 3 4 5 4 10 0 . 0 4 9 8 9 5 . 0 2 4 13 15
2 4 MA 2 . 6 2 3 5 4 10 0 . 0 5 0 4 9 4 . 9 5 6 18 21
25 GT 3 . 2 1 7 54 10 0 . 0 2 4 8 9 7 . 5 1 7 6 10
- 112 -
T a b le  XXXII S i g n i f i c a n c e  ( F - R a t io )  o f  P a t i e n t 's  Mood (S le e p )  C y c le
F - V a l
D.
D . F 1
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
E
1 AL 2 . 8 9 0 5 4 10 0 ; 0 3 6 3 9 6 . 3 6 9 5 3
2 AN 3 . 0 9 1 5 8 6 0 . 0 7 8 0 9 2 . 2 0 5 32 25
3 BE 3 . 2 5 2 5 4 10 0 . 0 2 3 9 9 7 . 4 7 2 14 22
4 FH 1 1 . 3 2 9 5 8 6 0 . 0 0 2 8 9 9 . 7 2 4 32 19
5 GC 1 0 . 8 9 2 5 4 10 0 . 0 0 0 2 9 9 . 9 8 9 29 2 5
6 ED 9 . 8 9 5 5 4 10 0 . 0 0 0 2 9 9 . 9 7 6 29 14
7 CH 1 3 . 6 4 8 54 10 0 . 0 0 0 1 9 9 . 9 9 4 2 9 2 8
8 CO 5 . 3 4 1 5 4 10 0 . 0 0 3 5 9 9 . 6 5 3 31 24
9 DE 6 . 6 7 9 5 4 10 0 . 0 0 1 4 9 9 . 8 6 5 2 7 29
10 EB 3 . 5 4 0 5 4 10 0 . 0 1 7 5 9 8 . 2 5 1 15 2 3
11 DL 4 . 1 6 2 5 4 10 0 . 0 0 9 4 9 9 . 0 5 6 2 8 11
12 AE 1 . 4 8 4 5 4 10 0 . 2 5 6 6 7 4 . 3 3 6 30 21
13 IC 3 . 6 3 6 5 4 10 0 .CÎ158 9 8 . 4 1 7 13 22
14 PB 6 . 6 0 6 54 10 0 . 0 0 1 4 9 9 . 8 5 8 11 11
15 TB 6 . 1 5 7 5 4 10 0 . 0 0 1 9 9 9 . 8 0 9 29 2 9
16 WH 4 . 2 9 3 5 4 10 *' 0 . 0 0 8 4 9 9 . 9 9 9 27 25
17 HE 1 1 . 1 9 2 5 4 10 0 . 0 0 0 1 9 9 . 9 8 6 29 29
18 MT 1 . 2 3 9 5 4 10 0 . 3 7 7 4 6 2 . 2 6 2 15 16
19 TU 4 . 3 2 6 5 4 10 0 . 0 0 8 1 9 9 . 1 8 9 23 13
2 0 SK 4 . 5 0 7 - 54 10 0 . 0 0 6 9 9 9 . 3 1 0 31 30
21 UH 4 . 7 5 7 5 4 10 0 . 0 0 5 6 9 9 . 4 4 4 31 31
22 EH 5 . 0 7 5 5 4 10 0 . 0 0 4 3 9 9 . 5 7 2 15 15
2 3 MM 3 . 9 1 1 54 10 0 . 0 1 2 0 9 8 . 8 0 0 15 15
2 4 MA 3 . 2 5 9 54 10 0 . 0 2 3 7 9 7 . 6 3 1 15 15
2 5 GT 5 . 0 4 9 • 5 4 10 0 . 0 0 4 4 9 9 . 5 6 3 15 15
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T a b le  XXX III S i g n i f i c a n c e  ( F - R a t io )  o f  T y p i s t s  P e r f o r m a n c e  C y c le
F - V a l
D
D . F i
. F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
1- AA 2 . 5 5 4 10  '• 0  . , 0 5 92 9 4 . 0 7 7 2 8
2 AD 4 7 7 . 1 5 8 6 ,  0 . 0 0 0 0 9 9 . 9 9 9 32
3 AN 9 5 . 4 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31
4 AM 1 0 7 . 4  . 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 31
5 B I 4 4 . 4 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
6 BT 3 4 . 2 5 8 6 0 . 0 0 0 1 9 9 . 9 8 8 32
7 EE 1 6 7 . 7 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32
8 HH ' 5 8 . 7 5 8 6 0 . 0 0 0 0 9 9 . 9 9 8 32
9 HR 1 8 4 . 6 5 4 10 0 . 0 Q 0 0 9 9 . 9 9 9 31
10 JA 4 4 . 7 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31
11 JE 3 5 . 1 5 8 6 , 0 . 0 0 0 1 9 9 . 9 8 9 32
12 J I 1 3 1 . 2 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32
13 ML 5 . 1 5 4 10 . 0 . 0 0 4 3 9 9 . 5 7 5 30
14 PP 3 . 4 54 10 0 . 0 2 1 3 9 7 . 8 7 2 26
15 SB 1 7 9 . 5 54 10 0 . 0 0 0 0 9 9 . 9 9 9 31.
16 ST 2 5 4 . 5 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32
17 SA 3 . 6 5 4 10 0 . 0 1 5 2 9 8 . 4 8 4 2 8
18 SZ 2 . 2 5 4 10 0 . 0 8 5 3 9 1 . 4 6 9 31
19 XY 4 9 3 . 8 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31
20 YV 2 . 0 5 4 10 0 . 1 1 0 1 8 8 . 9 9 2 30
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Table XXXIV Significance (F-Ratio) of Typist's Mood (Alertness) 
Cycle
F - V a l
D.
D . F j
F
d . f 2
P r o b  o f  
E x c e e d i n g  F
C o n f i d e n c e  
L e v e l  (%)
C l u s t e r  
a t  ( d a y s )
E
1 AA 1 1 6 . 2 8 5 8 6 , 0 . 0 0 0 0 9 9 . 9 9 9 32 3 2
2 AD 2 3 . 1 4 4 5 8 6 Q . 0 0 0 4 9 9 . 9 6 4 32 32
3 AN 5 . 4 9 2 5 4 10 0 . 0 0 3 1 9 9 . 6 9 1 30 30
4 AM 1 1 4 0 . 6 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
5 B I 2 3 1 . 2 6 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
6 BT 2 . 6 9 6 5 4 10 0 . 0 4 6 0 9 5 . 4 0 1 31 3 0
7 EE 2 3 . 0 8 2 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
8 HH 8 . 1 5 3 5 4 10 0 . 0 0 0 6 9 9 . 9 4 3 2 9 27
9 HR 6 . 1 4 5 54 10 0 /oooo 9 9 . 9 9 9 31 31
10 JA 2 6 . 5 7 8 54 10. 0 . 0 0 0 0 9 9 . 9 9 9 31 31
11 JE 2 8 9 . 6 0 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32 31
12 J I 4 . 2 9 3 5 4 10. 0 . 0 0 8 4 9 9 . 1 6 4 3 0 29
13 ML 8 9 . 2 1 3 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
14 PP 4 . 6 8 4 5 4 10 0 . 0 0 5 9 9 9 . 4 0 9 22 23
15 SB 2 3 . 7 3 5 5 8 6 0 . 0 0 0 3 9 9 . 9 6 6 32 31
16 ST 9 2 . 4 6 7 5 4 10 0 . 0 0 0 0 9 9 . 9 9 9 31 31
17 SA 8 . 9 1 0 5 4 10 0 . 0 0 0 4 9 9 . 9 6 2 26 27
18 SZ 3 . 3 7 8 5 4 10 0 . 1 9 7 1 9 7 . 9 2 1 14 14
19 XY 6 9 8 . 4 0 4 5 8 6 0 . 0 0 0 0 9 9 . 9 9 9 32 31
2 0 YV 5 . 0 8 3 5 4 10 0 . 0 0 4 3 9 9 . 5 7 5 2 4 2 4  i
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Table XXXV Significance (F-Ratio) of Typist's Mood (Contentedness) 
Cycle
F-Val DD.F2
.F
d .f 2
Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days) I
1 AA 846.8 58 6 0.0000 99.999 32 32
2 AD 22.9 58 6 0.0004 99.963 32 32
3 AN 7.5 54 10 0.0008 99.920 29 28
4 AM 59.6 58 6 0.0000 99.998 32 31
5 BI 268.7 54 10 0.0000 99.999 31 31
6 BT 5.03 54 10 0.0044 99.557 31 30
7 EE 64.8 54 10 0.0000 99.999 31 31
8 HH 40.4 54 10 0.0000 99.999 31 31
9 HR 23.8 54 10 0.ob02 99.981 27 26
10 JA 244.0 54 10 0.0000 99.999 31 31
11 JE 790.4 54 10 0.0030 99.999 31 31
12 JI 3.6 54 10 0.0152 98.479 26 25
13 ML 83.7 54 10 0.0000 99.999 31 31
14 PP 5.5 54 10 0.0030 99.700 24 20
15 SB 244.0 54 10 0.0000 99.999 31 31
15 ST 117.2 54 10 0.0000 99.999 31 ’31
17 SA 5.9 54 10 0.0021 99.786 25 24
18 SZ 1.17 54 10 0.4155 58.453 27 11
19 XY 461.3 54 10 0.0000 99.999 30 30
20 YV 3.39 54 10 0.0205 97.947 30 28
- 1 1 6 -
Table XXXVI Significance (F-Ratio) of Typistis Mood (Calmness) Cycle
F-Val DD.F«
.F
d .f 2
1 Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days) £
1' AA 1642.8 54 10' • 0.0000 99.999 31 31
2 AD 52.3 58 6 0.0000 99.997 32 31
3 AN 3.351 54 10 0.0214 97.858 29 29
4 AM 149.4 54 10 0.0000 99.999 31 31
5 331 568.7 .54 10 0.0000 99.999 31 31
6 BT 23.6 54 10 0.0000 99.999 31 31
7 EE 79.8 54 10 0.0000 99.999 31 31
8 HH 6.6 54 10 0.0014 99.864 24 ■27
9 HR 9.4 54 10 0.0,003 99.969 29 28
10 JA 78.8 54 10 0.0000 99.999 31 31
11 JE 1032.1 54 10 , 0.0000 99.999 31 31
12 J I 3.2 54 10 0.0000 97.504 26 26
13 ML 32.6 54 10 - 0.0000 99.999 31 31
14 PP 5.156 54 10 0.0040 99.599 31 31
15 SB 78.8 54 10 0.0000 99.999 31 31
16 ST 138.7 54 10 0.0000 99.999 31 31
17 SA 9.0 54 10 0.0004 99.962 27 27
18 sz 3.6 54 10 0.0163 98.374 5 7
19 XY 94.6 54 10 0.0000 99.999 30 30
20 YV 7.4 54 10 0.0009 99.913 28 27
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Table XXXVII Significance (F-Ratio) of Typists'Mood (Sleep) Cycle
F-Val D.
D.F1
F
d .f 2
Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days) I
1 AA 80.9 58 6 O.O'OOO 99.999 32 32
2 AD 78.2 58 6 0.0000 99.999 32 32
3 AN 5.5 54 10 0.0030 99.699 25 26
4 AM 431.5 54 10 0.0000 99.999 31 31
5 BI 2.1 54 10 0.1093 89.073 27 29
6 BT 10.3 54 10 0.0002 99.979 31 31
7 EE 39.2 54 10 0.0000 99.999 31 31
,8 HH 13.1 54 10 0.0001 99.992 30 30
9 HR 10.3 54 10 0.0002 99.980 32 31
10 JA 63.4 58 6 0.0000 99.998 32 31
11 JE 3.6 54 10 0.0152 98.479 30 30
12 JI 21.2 58 6 0.0005 99.953 32 31
13 ML 107.5 54 .10 0.0000 99.999 31 31
14 PP 115.8 54 10 0.0000 99.999 31 31
15 SB 49.8 58 6 . 0.0000 99.996 32 31
16 ST 77.6 54 10 0.0000 99.999 31 31
17 SA 1.3 54 10 0.3606 63.941 20 20
18 SZ 2.6 54 10 0.0527 94.734 5 13
19 XY 65.9 58 6 0.0000 99.999 32 32
20 YV 6.2 54 10 0.0019 99.806 31 31
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The most frequent cycle for the measure of body temperature/- for both 
the groups, is 31 days. For the pulse rate measure the frequency is 
26 days and for body rate the frequency is 28 days (see Figure 6) .
For the performance test the frequency for the first two groups is 
28 days. For the third group, comprising female typists the frequency 
is 30 days (see Figure 7) .
For the subjective measure of mood, the frequently occurring cycle of 
the alertness scale is 24 days and the contentedness scale is 30 days. 
The frequency for the scale of calmness is 22 days and for the scale 
of sleep the frequency is 23 days (see Figure 8) .
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FIGURE 7
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The next step in the analysis of results was the calculation'of mean, 
mode and standard deviation values, separately for the psychiatric 
group and the normal subjects. And within the groups (considered 
together) for the variables of sex and age. The results are shown 
in Tables XXVIII, XXXIX and XL.
A t distribution test yielded significant difference between the two 
groups for the measures of performance, sleep and weight (Table XLI) .
I
A lower order significance was revealed between the two sexes on the 
measures of pulse and weight (Table XLII).
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Table XXXVIII Mode , Mean and Standard Deviation Values of- the 
Different Age Groups
Mo M Ô
Alertness
20-30 24 25 7
31-40 22 22 7
41-50 12 21 3
51-60 20 22 6
Contentedness
20-30 29 24 5
31-40 30 22 7
41-50 23 40 8
51-60 20 19 8
Calmness
20-30 31 21 10
31-40 23 20 8
41-50 21 21 2
51-60 30 23 6
Sleep
20-30 28 22 7
31-40 23 23 6
41-50 29 26 2
51-60 - 20 6
Mo M 6
Temperature -
20-30 - 22 10
31-40 3 19 11
41-50 31 23 11
51-60 5 20 9
Pulse
20-30 30 24 8
31-40 24 20 10
41-50 - 21 10
51-60 26 22 9
Weight
20-30 30 28 ’ 7
31-40 30 29 2
41-50 30 23 10
51-60 31 23 10
Performance
20-30 30 30 1
31-40 30 28 5
41-50 29 26 9
51-60 29-31 30 4
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Table XXXIX Mode, Mean and Standard Deviation Values of Males and 
Females
Mo M &
M 25 19 10
Temperature
F 31 22 9
M 31 20 10
Pulse
F 31 21 8
M 31 24 10
Weight
F 31 28 5
M 30 27 6
Performance '
F 31 28 5
Mo M 6
M 30 20 7
Alertness
F 24 20 6
M 30 23 6
Contentedness
F 30 21 7
M 23 17 8
Calmness
F 31 22 6
M 23,31 17 8
Sleep
F 15 22 6
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Table XL Mode, Mean and Standard Deviation Values of Psychiatric IP) 
and Normal Subjects (isD
!
I
Mo M 5
N 31 19 11 ,
Temperature
P 30 21 9
N 30 22 8
Pulse
P 31 18 9
N 31 28 3
Weight
P 30 23 9
N 30 30 1
Performance
P 29 24 9
Mo M 6
N 24- 20 6
Alertness
P 12 19 6
N 30 22 6
Contentedness
P 24 21 7
N 31 20 8
Calmness
i p 23 19 7
N 23 24 4
Sleep
P 15 20 8
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Table XLI Significance (t-Dist) of Patients 
vs Normal Subjects
t P<
Performance
Weight
Sleep
3*57
3v72
2.38
0.0005
0.0005
0.01
Table XLII Significance (t-Dist) of Male vs
Female Subjects
t P<
Pulse
Weight
1.962 
2.089
0.05
0.05
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The final step in the analysis of the results was the computation of 
interaction between the various measures. Factor analysis using a 
principal component solution and an orthogonal rotation of the factor 
matrix was computed with a program tested against the IBM package.
The diagonal elements of the correlation matrix were estimates of 
the communalities.
The communalities and the rotated factor matrix are shown in 
Tables XLV and XLIV.
1
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Table XLIII
Variables Loadings
Factor 1 (3 variables) Calmness 0.846
* . Alertness 0.789
Sleep 0.539
Factor 2 (3 variables) Pulse 0.751
Temperature 0.735
Contentedness 0.588
Factor 3 (2 variables) Weight 0.848
Performance 0.776
Table XLIV Check on Communalities
Variable Original Final Difference :
Pulse 0.575 0.575 0.000
Temperature 0.568 0.568 0.000
Weight 0.726 0.726 0.000
Performance 0.650 0.650 0.000
Alertness 0.646 0.646 0.000
Contentedness 0.531 0.531 0.000
Calmness 0.721 0.721 0.000
Sleep 0.331 0.331 0.000
Three factors were extracted. Each of the eight measures load clearly 
on one of the three factors (see Table XLIII).
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Table XLV Rotated Factor Matrix
Variables Factor Loadings
1 Pulse -0.070 0.751 0.085
2 Temperature 0.090 0.735 -0.141
3 Weight 0.082 > 0.006 -0.848
4 Performance 0.211' 0.047 0.776
5 Alertness 0.789 0.103 0.111
6' Contentedness 0.429 0.588 -0.025
7 Calmness 0.846 -0.024 -0.076
8 Sleep 0.539 0.098 -0.176
Table XLVI (I) Significance (F-Ratio) of Subjects Mood
JC F-Val PD.Fi
.F
d .f 2
Prob of 
Exceeding F
Confidence 
Level (%)
Cluster 
at (days)
Alertness 6.7 54 10 0.0013 99.8 30
Calmness 37.9 54 10 0.0000 99.9 31
Contentedness 105.8 54 10 0.0000 99.9 31
Sleep 3.4 54 10 0.0215 97.8 29
Table XLVI (II) Significance (F-Ratio) of Subjects Mood
Alertness 191 58 6 0.0000 99.9 32
Calmness 366 58 6 0.0000 99.9 32
Contentedness 142 58 6 0.0000 99.9 32
Sleep 1090 58 6 0.0000 99.9 32
Lastly, Table XLVI (I) and (II) shows the results of the follow up 
study of one of the subjects (JC).
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DiSCUSSION
5.1 . INTRODUCTION
Of fundamental importance in the present research is the certainty with 
which the factor of static behaviour can be ruled out. The evidence 
makes at least this much clear that there is long term intraindividual 
variability. Just as there are rhythms in the organism, measuring time 
in circadian frequency, similarly there are rhythms measuring infradian 
frequency.
As is apparent from the analysis, not qll functions show similar 
rhythms and/or equally powerful rhythms. The power spectrum of 
certain rhythms exhibit stronger amplitudes and subsequently higher 
significance levels than certain other functions. This is due to both 
the variable selected and mode of recording the variable. Most important 
of all is the factor of interaction of various functions within the 
organism and environment. For instance the measure of body temperature 'l 
shows a much smaller amplitude than pulse rate J the variance of the raw 
data of temperature in general (see Appendix) is
considerably small too, since the range of fluctuation of this variable 
is small in itself. The frequency of the rhythm of body temperature and 
pulse rate shows greater variation between the subjects than those of 
performance and body weight. The visual analogue scale has emerged as 
a reliable measure of recording rhythms of subjective feeling.
In general the picture that emerges clearly indicates that human 
behaviour depicts rhythmic components.
There are certain inferences that may be drawn from the results of the 
present study. These are:
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1 There are differences in the frequency of the rhythm for the 
various measures (see Figures 6, 7 and 8 of 4.0).
2 That between the two main groups of subjects there are differences
between the shape of the curves of some measures which may relate to
psychiatric disturbance in the subjects of the first group.
3 That despite the different frequencies, there are clusters of 
frequencies which have a significant bandwidth with individual 
variations.
The evidence presented in Chapter 4 will be discussed within the 
framework of the above mentioned findings.
Thus Section 5.2 of this chapter is concerned with the discussion of the
nature of rhythms. Section 5.3 is an attempt to identify possible causal 
factors. And Section 5.4 is the discussion of the relation between the 
present findings to the controversial biorhythm theory.
5.2 NATURE OF RHYTHMS
The analysis of the results demonstrate it clearly that there is no one
fundamental frequency underlying the psychological/physiological 
functioning of all the subjects of all the variables.
The rhythms of the various psychological and behavioural parameters 
exhibit clear loadings on the three factors extracted by the factor 
analysis (Table XLIII of 4.0). Factor 1 shows high loadings on the rhythms 
of calmness/excitedness, alertness/drowsiness and the quality of sleep.
The second factor reveals high loadings on physiological measure of 
pulse, temperature and feelings of contentedness/discontentedness. And 
the third factor shows loadings on body weight and performance.
Due to the communality of the items, the factors can be labelled under
the headings of (1) general activity, (2) sense of well being and
(3) possible indicator of metabolic rate.
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One of the important findings which has emerged from the factor 
analysis of the data is the close correlation and interaction between 
the parameters of physiological rhythms and index of psychological 
behaviour. This indication is well documented in the rhythms of 
circadian frequency (Stranger 1969, Aitokhov et al 1968, Chemin 1969) .
J
The mood rhythms of calmness/excitedness, alertness/drowsiness and 
quality of sleep have shown high loadings on factor 1. The average 
cycles for these measures for both the patients and normal subjects is 
20 days. However, the deviations from the mean cycle is quite large, 
indicating that there are strong interindividual variations in 
frequency.
Previous studies of circadian rhythm have shown a link between the 
break in the routine of sleep and wakefulness and subjects alertness 
and nervous tension. Chemin (1968) demonstrated that disturbance of 
sleep and of digestion occur in personnel after a jet flight across 
several time zones, with fitful and non restful sleep and increased 
nervous tension.
Most of the studies involving time zone changes have demonstrated a 
concomitant decrement in performance with disturbed sleep (Preston 
et al 1976) . Akerstedt (1977) has shown that inversion of the sleep/ 
wakefulness pattern resulted in disturbance of the rhythm of subjective 
alertness, mood, and catecholamine excretions.
On the basis of the above findings it can be inferred that high 
correlation of the three rhythms in the present study is due to their 
functional nature.
Chemin (1969) has stated that physiologic and psychologic phenomena 
are indubitably linked in both normal and pathologic adaptations. The 
purely psychologic phenomena, such as attention and perception, obey the ■***' 
same laws as other manifestations of the biologic rhythms of temperature, 
sleep/wakefulness, etc.
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Although no linking evidence can be offered at this stage, it is 
interesting to note that the three variables extracted in factor 1 
are all related to arousal and therefore to brain stem 
activity.
In contrast the variables in 'factor 2 appear to have some relationship 
to hypothalamic activity.
Regarding body temperature, it is generally agreed that the main 
temperature regulating areas lie in the hypothalamus. The hypothalamus 
receives temperature signals from most of the skin areas, as well as 
from receptors located at a variety of points within the body. Moreover, 
the hypothalamus is believed to contain temperature receptor itself 
(Von Euler 1950), and is thus responsive to its own temperature, 
essentially that of the circulating blood. Cooper (1966) has shown that 
experimental destruction of small areas in the hypothalamus render the 
animal unable to regulate its temperature in a warm environment, although 
thermoregulation remains normal in the cold. The hypothalamus therefore 
plays an essential role in regulating body temperature.
As far as the mechanism of pulse rate is concerned, a change in the rate 
is affected by sympathetic discharge, which causes the release of 
catecholamine locally at the sinoatrial node and by circulating 
catecholamines which enter the heart via coronary circulation. The 
nervous mechanisms controlling the heart rate are several, the 
baroreceptors reflexes, the arch of the aorta and other preboreceptor 
zones. The heart is also affected reflexly by afferent impulses via the 
autonomic nervous system.
For the feeling and emotional aspects of the individual, it has been 
suggested that the complex patterns of emotional extériorisation are 
achieved in the main by the prefrontal-hypothalamic-thalamic complex.
The orbito-insulo-temporo-cingulate areas of the cerebral cortex in 
particular are intimately concerned in the production of autonomic 
concomitants of emotions (Keele and Neil 1966) .
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According to Bonin (1962) neurophysiological sources of .the emotions 
have been located to some extent in the brain. One of the circuits 
which may be involved are the anterior nucleus of the thalamus and the 
medial aspects of the cerebral cortex.
The view that hypothalamic functions play some role in emotional 
expression and control, gains support from the findings that abnormality 
in hypothalamic functions may lead to affective disorders in some cases 
(Kraines 1966). It is known that lesions in the hypothalamus are 
associated with mood disturbances in man, and that hypothalamic 
stimulation will produce intense affective responses (Mendels 1976) .
It may therefore be suggested that the close correlation of the three 
rhythms are depicting a common link of hypothalamic activity.
There is also some evidence in the literature of a concomitant change ' 
in pulse rate and mood state. Gildea (1937), Wenger (1947) and 
Wishner (1953) all reported higher pulse rates in patients suffering 
from anxiety states, as compared to the normal controls. Altschule (1953) 
noted that most studies reported a normal or only slightly accelerated 
pulse rate in patients suffering from neurosis. Kelly and Walter (1968) 
computed correlation between pulse rate and psychometric measures for 
60 controls and 203 patients suffering from a wide range of psychiatric 
states. The correlation coefficients between pulse rate and anxiety 
self rating was 0.024 which is statistically significant but of a low 
order.
Some investigators have also demonstrated similar long term rhythms in 
the three measures. Richter (1960) has shown a 48-hour cycle of pulse 
rate, mood and behaviour in a sixty year old depressed patient.
Goodwin (1975) has shown a 41 day rhythm in pulse temperature and mood 
cycle in a manic-depressive patient.
The apparent link of the three rhythmic functions with the hypothalamic 
system also explains the individual nature of the rhythms, which is
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clearly indicated in terms of the wide variations in the frequency of 
the rhythms. It is obvious from the results (see Table XL of 4.0) 
that the deviation from the mean for both psychiatric patients and the 
normal group is quite large for pulse and temperature.
The third factor, extracted by the fqctor analysis, with high loadings 
on body weight and performance rhythm is slightly difficult to explain. 
As far as circadian rhythm investigation is concerned, mental efficiency 
has been shown to follow the course of body temperature (IClietman 1963/ 
Colquhoun 1970/ Blake 1967/ Donald 1968) .
Provided the correlation between the two measures is not simply a case 
of coupled periodicity, one possible explanation for the high 
correlation between the two factors can be the underlying metabolic 
factor.
Body weight is considered as an index of energy balance. Centres of 
feeding and satiety, which determine the energy expenditure, have been 
located in the medial hypothalamus and the lateral hypothalamus 
respectively, at least for cats and monkeys (Anand 1961). It is 
probable that similar centres exist in man.
However the link between performance and weight, if any, is difficult 
to establish and awaits further research.
One of the group of subjects, whose results were not included in the 
factor analysis, is that of the female typists whose typing errors were 
assessed as an independent and realistic measure of performance. The 
subjects in this group were not controlled for age and sex variable and 
were only tested for visual analogue scale,apart from the performance 
rating. The findings of this group of subjects would be discussed in 
Section 5.3.
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It cannot be overemphasised that temporal organisation is an important 
characteristic of living organisms. All the behavioural parameters 
recorded in the present study have revealed long term rhythmic 
components. It is obvious that there must be many other examples 
of cyclical alterations in both mental and bodily states which largely 
pass unnoticed.
As a matter of fact, a cursory glance at the low frequency rhythm literature 
makes it apparent that the alterations in temporal organisation, which 
have been recognised, are those which are clear and possess well marked 
features, such as long term variation in psychotic disorder.
That some psychotic conditions do recur with remarkable clock-like 
regularity is well substantiated by Kraeplin (1913) , Bluer (1911),
Meninger Larchanthal (1960), Crammer (1959), Gjessing (1963) and 
Richter (1965). It does not follow, however, that lack of observable 
fluctuation in these measures implies health and that periodicity implies 
disease (op. cit-) .
According to Sollberger (1965) one of the reasons long term periodicity 
is associated with disease is the fact that, contrary to normal people, 
psychiatric patients have been studied for longer periods.
This is evident from the results of the present investigation. Long 
term rhythm is clearly depicted by both normal individuals and psychiatric 
patients,in both the sexes and all age groups, indicating that it is a 
universal feature like the twenty four hour (circadian) rhythm.
It was expected, however, that the frequency of the rhythms might be 
disturbed in some psychiatric patients, due to the very fact that the 
rhythms are generated by highly dynamic systems of regulators and 
oscillators. Because of their functional nature these might be the 
first body mechanisms to be affected in disease, resulting in changes in
5.3 CAUSAL FACTORS
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frequency, phasing or amplitude.
The mean difference between the frequencies of the rhythms of psychiatric 
patients and normal healthy individuals, for most of the measures, is 
only slight. However, the psychiatric patients do show a large scatter 
in some of the measures compared with the normal individuals.
One of the measures in which the difference is very clear cut is that 
of performance. Here the mean frequency for the normal group is 30 
with a standard deviation of 1. For the patients the mean frequency is 
24 with a standard deviation of 9. Moreover, the difference is 
statistically significant (P = <0.005) .
The second measure, in which the patients have shown a greater 
scatter, is that of body weight. 'Here*the normal subjects have 
revealed a mean frequency of 28 days with a standard deviation of 3.
The patients have shown a mean frequency of 23 days with a deviation 
of 9. Again the difference is significant at P = 0.005 level.
The third major variable where the two groups have emerged with a 
different mean frequency is the subjective rating of the quality of 
sleep. Here the difference is significant but of a lower order 
(P = <0.01).
The greater scatter around the means of the frequencies of the three 
measures in psychiatric patients suggests an exaggeration in the 
frequency of the rhythms. Though, since the relationship is based on 
very little evidence, it is therefore largely speculative. Dement 
et al (1978) have theorised that "it is almost axiomatic that the 
psychic turbulence of the major psychoses is associated with profound 
sleep disturbance". However, there is a continuing debate over 
whether the sleep disturbance should be viewed as symptoms, causes, or 
both. The extent of the overlap between sleep disorder as an' 
independent illness and sleep disturbance associated with schizophrenia 
and depression is not clear.
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Some cases of schizophrenic and affective disorders have been 
interpreted in terms of an error of metabolism. According to Howell 
(1959) there are multiple causes of psychoses including genetically 
determined metabolic error. Niess et al (1974) from their study on 
morfcunine oxid&se activity on their schizophrenics concluded that 
genetic variation is responsible for the major portion of the phenotypic 
variation of human platelet MAO activity. Kennedy (1959) has commented 
that "... the disorder we call depression is certainly an entity in which 
the behaviour and metabolism of the individual is altered". Eating 
habits, weight variation and behaviour in schizophrenic patients are all 
ultimately interwoven and together form the urinary excretion pattern 
of tryptamine (Berlet 1967). Berlet has further hypothesised that 
psychoses occurs in well defined metabolically determined syndromes, 
which suggests that metabolic derangements may play a role in at least 
some psychotic states.
It does not, therefore, seem a far fetched notion to interpret the 
exaggerated rhythms of the patients as indicative of an underlying 
metabolic error.
During recent years a number of authors have dealt with psychoses and 
brain serotonin content. It has been postulated that the manic-depressive 
cycle could be the result of a deranged mechanism of production and 
destruction of 5-HT in the brain. The route of 5-HT in the brain 
commences with the dietarily essential amino-acid tryptophan. Of the 
enzymes involved in the synthesis of serotin, the first tryptophan 
hydroxylose yields 5-Hydroxytryptophan which gives serotonin in the 
brain itself and in cerebral preparations. The belief that mental 
imbalance is related to imbalances in serotonin production and 
destruction is strengthened by the findings (Mcllwain and Bachelard 
1971) that administration of 5-HT to animals is followed by marked 
central action, including catatonia and apparent fear and rage. An 
important contribution in this connection has been made by Niess 
et al 1974 and Stahl 1977, though the role of 5-HT in this connection 
is yet speculative and controversial. It is even more difficult to
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establish a link regarding the present study, since no biochemical 
analysis has been performed. However, it may be a useful guide for 
further research.
The above conceptualisation raises another important question, that of 
the causation of the rhythm itself. The difference between the 
psychiatric patients and normal healthy volunteers in some measures is 
supportive of a biochemical hypothesis. However, in some of the 
measures an almost universal frequency has emerged, together with the 
fact that there is no statistically significant sex difference, 
although there is some age difference among weight and performance 
rhythms between the age range 20-30 and 40-50. However, since the age 
group 40-50 comprises most of the psychiatric patients and these have 
shown a significantly different frequency from normal subjects on these 
very measures, it is more indicative o£ a difference between normal and 
abnormal subjects. Thus there is an indication that for some functions 
the causative factor is an endogenous one.
The above statement inevitably leads to the whole issue of exogenous 
versus endogenous mechanism of rhythm control. The exogenous 
hypothesis stresses that subtle pervasive geophysical stimuli are 
responsible for the spontaneous biological rhythms, that is, the Biological 
Clock witnessed in the organism has an extrinsic origin. The organism 
functions in a rhythmic fashion because it is adapting to the rhythm 
in the geophysical environment, it is the external environment which 
acts as the zeitgeber.
The alternative explanation is that rhythmic behaviour represents 
endogenous cycles, resulting from a self contained feedback system, a 
master oscillator in the organism itself. It is hypothesised that 
organisms possess natural periods of biochemical oscillation, which 
is independent of the outside environment. It is true that many 
temporal judgements are relatively free of the external milieu and 
seem to spring from deep seated internal cues or rhythms. However, 
frequently the functioning of the biochemical clock can be most
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parsimonously explained by finding external cues to which it' is to 
some degree dependent. Any kind of delayed response may serve as a 
paradigm (Bunning 1967). It is possible that the organism has an 
innate capacity to acquire a rhythm and when it is established it 
achieves some degree of independence from the outside environment 
by being able to respond to a, self regulating internal mechanism, which 
nevertheless continues to be related to and frequently dependent upon 
changes in the physical and social environment.
Brown (1970.) studied organisms in constant conditions and was convinced 
that they used subtle, rhythmic geophysical forces as an informational 
input to time their overt rhythmic processes. Not only solar day 
rhythms, but lunar day (tidal), monthly and annual rhythms, have been 
shown to persist independent of all obvious environmental factors and 
to display complete, or nearly complete, apparent temperature and drug 
independence. Through highly controlled observations, Brown (1973) 
has demonstrated that even relatively simple organisms possess an 
intrinsic system capable of responding to cosmic radiation even when 
shielded from obvious environmental factors such as light and 
temperature.
There is also strong evidence of a relationship between various 
psychological disturbance and lunar solar rhythms. Rounds (1975) 
measured the cardioacceleratory activities of stressed and unstressed 
cockroaches, mice and men. He noticed that cardioacceleratory activités 
in unstressed subjects dropped to zero, two days after the new moon. In 
stressed subjects it rose to very high levels two days after full and 
new moon.
Ravitz (1951) has demonstrated a clear relationship between lunar cycle 
and body potentials. One of his subjects, who suffered from marked 
mood swings, felt best when readings of increasing positivity were 
obtained. Such positive voltage shifts occurred shortly following the 
new moon; periods of greatest negativity approximated the full moon.
He concluded from his study that most probably all living organisms are
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acted upon by cosmic forces transcending local environments.'
The precise repetitive manner in which patients suffering from manic- 
depressive psychoses show changes in their cycle has always 
fascinated researchers. Some of these patients show a fixed time of 
changeover from one phase to another, which suggests that the cycle is 
monitored by external environmental factors. Jenner et al (1967) 
reports the case of a patient with 48-hours of manic-depression which 
had persisted for eleven years. Even under metabolically controlled 
conditions the patient showed the time of changeover, at about 0200 
hours.
Another altogether different aspect of human functioning which has been 
demonstrated to bear a strong relationship with lunar periodicity, is 
the menstrual cycle and human reproduction. Menaker (1967) plotted 
half a million live births occurring during 37 synodic lunar months 
in New York City, on the synodic lunar cycle of 29.53 days. The
results indicated that the half cycle with the highest birth rate began
the day after the first quarter and thus coincided with the brightest
half of the lunar month.
In the present investigation the only rhythm which comes closest to 
the menstrual cycle is the female weight and performance rhythm, the 
mean cycle in both cases is 28 days. The performance rhythm comes close 
to 29 days when the third group of typists performance is included with 
the above group. In this sense it might have some environmental 
correlate. These are also the mean frequencies which have shown 
relatively smaller standard deviation. However, the mean frequency does 
not show a statistically significant difference between males and 
females. Moreover, these are the very cycles which have revealed an 
exaggeration in the psychiatric patients, suggesting that it could 
reflect a biochemical interference.
The rest of the measures have shown a very wide interindividual 
variation for the primary timer to be an environmental one. Also the
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mean frequencies in these cases range from twenty to twenty four days, 
the review of the literature does not indicate the existence of any 
such environmental frequency.
Some explanation for the causation of rhythm miqht be established 
through the endogenous hypothesis. This hypothesis views the basic
rhythmic pattern as a consequence of internal timing device. It must
* ,be pointed out, however, that the proponents of this hypothesis concede 
that absence or presence of subtle exogenous periodism may play some 
part in synchronising (or desynchronising) a biological rhythm. What 
they do not accept is that exogenous factors are the primary timer or 
the master oscillator. Most investigations undertaken in this 
connection demonstrate the persistence of rhythms even when the subject 
is studied in isolation without any zeitgeber or environmental clue.
Some of the authors have attempted to locate the timing mechansim 
within membrane properties of cells (Sweeny and Njus et al 1974) .
Most of the data to support endogenous hypothesis comes from studies 
of circadian organisation rather than the long term rhythms. Nevertheless 
it appears relevant to consider them, for they do shed some light on 
causation of rhythms in general. Organisms have been shown to possess 
free running circadian rhythms despite changes in lighting regimen.
Moore et al (1977) have demonstrated, from their experiments with 
monkeys, that their circadian system may consist of several 
spontaneously oscillating units, which can become transiently 
uncoupled during perturbations of environmental cues.
In order to elucidate the mechanism of rhythmicity many studies have 
employed the classic endocrinological approaches. The circadian 
rhythms of the hypothalamic pituitary adrenal system has shown to be 
not immediately dependent upon the daily environmental and social cues. '
There is no doubt that circadian variation occurs in a large number of
- .143 -
endocrine functions. In relatively few, however, is there gbod 
evidence that endogenous rhythmicity exists and that the rhythm is 
not due to any number of external factors.. The rhythm of adrenal 
corticosteriods has been studied in greater detail, especially its 
relation to these rhythms in various abnormal schedules (Hale 1959,
1965.; Kriefer et al 1963; Krieger et al 1969) . Though it is not. clear 
whether its close association with many other manifestations of 
rhythmicity indicates a common cause, or implies that the adrenal gland 
controls the other manifestations.
Recent emphasis on research has been the elucidation of the mechansim 
which produces rhythms at the suprachiasmatic nucleus of the 
hypothalamus (Axelrod and Brownstein 1974) .
Anton and Claps (1976) demonstrated that the pineal gland has a 
rhythmic activity related to the photoperiod, which in turn influences 
the nervous system. The authors suggested that distant organs may 
follow the rhythmic lead of the pineal gland.
Brownstein and Axelrod (1977) demonstrated a twenty four hour rhythm in the 
turnover of norepinephrine in sympathetic changes in the pineal gland.
It was concluded that the fact that changes in pineal indolamines 
persist in blinded rats, but can be abolished by interrupting nerve 
impulses from the brain to the superior cervical ganglia, suggests the 
presence of a clock in the central nervous system of the rats.
Griener and Chen (1978) studied the melatonin content of the human 
pineal gland and observed a diurnal variation which is in agreement 
with the 24-hour rhythms in the melatonin content of the pineal in 
rats, quails and chickens.
Binkley (1977) has stated that not only may the pineal gland function 
as a bioloqical clock, but there is also good evidence that the pineal • 
gland has rhythms in melatonin and in the activity of the enzyme 
involved in the melatonin synthesis.
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Benerji and Quay (1976) found that pinealectomised rats did not show 
the nocturnal rise in enzyme activity which otherwise had a 24-hour 
rhythmicity.
Thus it appears that there is strong evidence of at least partly 
endogenous timing mechanism. .However, it is also clear that the 
evidence is solely based on circadian rhythm frequency.
The interpretive notion is highly speculative here, but the fact that 
the variables in the present study which have shown a high correlation 
underlies the hypothalamic activity, and hypothalamus is shown to be 
involved in the timing of the circadian activity, is sufficient to 
justify the hypothesis that at least some rhythms are mediated by the 
hypothalamus.
One explanation for the causation of rhythms comes from a very unusual 
source, the law of initial value qiven by Wilder (1935, 1961).
According to Sollberger (op cit) the law that "the larger the initial 
state of the excitatory function the smaller its sensitivity to 
further stimulation and the larger its sensitivity to inhibitory 
agents", could be used to explain that in an ordinary non-disturbed 
biological rhythm whenever the value reaches closer to the peak and on 
its way up (high initial value) a reversal (paradoxic reaction) is to 
be expected. There are several rhythmic aspects in Wilder's rule; it 
could generate cycles in steady state under-load when pushed against 
homeostatic limits. Any pathological influence like traumas, shock 
or any other emotional disturbance will result in a breakdown. Maybe 
that is why diseased people show a different rhythm because of the 
alteration in the structure carrying them. It may explain the fact that, 
once the rhythmic pattern is disturbed it keeps on functioning in the 
altered pattern, say in the manic-depressive cycle, unless the pattern 
is again altered by drugs.
Thus, none of the rhythm causation hypotheses taken separately explain 
all the data. However, it can safely be concluded that rhythms are
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caused by both endogenous and exogenous mechanisms and sometimes as 
a result of an interaction between the two. Whether the endogenous 
or exogenous mechanism is predominant depends on the function being 
studied.
5.4 COMMENT ON BIORHYTHMIC THEORY
The preceding sections make it clear'fhat there are long term 
rhythmic components in human behaviour. Whether the organism finds 
it biologically useful to repeat an event every thousandth of a 
second, every day or every month, it is clear that it could function 
efficiently only if it were provided with some means of measuring 
the passage of time. According to Luce (op cit)"time structure gives 
the seething life a shape; its cycles bind the fragments of our being 
into a coherent whole". |
Ancient medicine took the effe'cts of temporal information into account. 
Early Greek therapies involved cycles of treatment. In the 5th century 
BC, Hipprocrates considered healthy state of man and nature to consist 
of an equivalence of basic, elements - harmony. Around that period 
medical students were advised to study the effects of seasons upon 
health. Modern medicine was far removed from studying patients in 
this context, here time perspectives were totally disregarded. In 
the early twentieth century this classical percept was presented in 
a new manner - the calculations of biorhythms.
The formula for the calculation of biorhythms was published 
independently by Fliess and Swoboda in 1887. These two authors 
sought to derive equations and descriptions for what both felt 
constituted a distinct biological rhythm in man; a 23 day physical 
cycle and a 28 day emotional cycle. In the late 1920's a third cycle 
turned up to join the first two, a 33 day period pertaining to 
intellectual ups and downs.
This section is concerned with a critical appraisal of the existing
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biorhythm theory and its relationship with the findings ,of the 
present research.
The basic tenets of the biorhythmic theory may be summarised as 
follows: 1
1 Biorhythmic positive and negative phases are viable regulators 
of human life. The crossover days in the cycle are critical 
days - days of 'high risk1.
2 Every human being has exactly the same length biorhythms.
These are constant, precise, and operate accurately throughout 
life.
BIORHYTHMS AS VIABLE REGULATORS OF LIFE
The underlying notion of the biorhythmic theory is the belief that 
human behaviour is rhythmic and that the knowledge of rhythms could 
be used for prediction and control. This statement is reasonable 
as far as it goes, and has been substantiated by extensive research.
The concept of temporality and rhythmicity is an age old one. The 
review of the literature has made it abundantly clear that living 
organisms exhibit some temporal reactions, which whether or not their 
origin is internal or external are persistent.
However, the biorhythmic theory does not stop here, it goes on to say 
that through the toirtb date and time of birth of the individual, it 
is possible to predict the positive and negative phases, and the 
critical days when the cycles cross the boundary between phases.
According to biorhythm theory each person is encouraged to make 
maximum use of his "good" days and to be extra careful on his "bad" 
days.
Due to its relevance to accident causation- an important way one could
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use knowledge of his or her biorhythms would be to avoid accident prone 
times - several analyses have been compiled applying the biorhythm 
theory to accident situations.
Beady (1972) analysed 59 cases of aircraft accidents. The pilots 
involved in 40 of the cases were shown to have two or more biorhythmic 
cycles in the negative phase.
Sacher (1974) examined over 4,300 aviation incidents/accidents and 
found no significant correlation with biorhythmicity.
Wallerston and Roberts (1973) "studied the relationship of biorhythmic 
influence on athletic performance and suggested that two biorhythms may be 
in the up phase 35% of the time; a strong indication that chance alone 
may explain many instances of correlation between biorhythms and 
performance.
Martin et al (1976) analysed 1,395 consecutive racing performances 
run over 2\ year period. Their results indicate that in terms of 
performance time there is a significant relationship only with the 
emotional biorhythms. Regarding performance quality, no particular 
biorhythm cycle phase had a significant number of performances than 
would be predicted by chance alone.
Mason (1971) reported the investigation of 13,000 industrial accidents 
and found no statistically significant correlation between the 
occurrence of the accidents and biorhythmicity.
Neil (1975) undertook a long term performance study in the laboratory, 
and found the results to be suggestive of the influence of a periodicity 
in human performance which approximated the theoretical intellectual 
biorhythms.
It appears that though there are "good" and "bad" days in individuals 
life, it is not possible to predict these on the basis of their birth-
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dates.
The most important facet of the biorhythm theory is the critical 
days - the time of transition during which the body's clock is going 
through an abrupt change from a positive phase or vice versa. These 
have,also been termed as the crossover days, and Thommen (1973) has 
stated that they are "full of danger". The phenomenon of the critical 
day has been likened to the failure of an electric bulb at the moment 
of, or immediately after, switching on the current. This is to say 
that the filament breaks most often at a period of change. It has 
also been compared to electrical surges in the physical system where 
the greatest rate of change occurs at the crossover points.
The analogy of the critical days is a far fetched one, because it is 
known that the biological organisation4does not follow the rules of 
the physical system to precision, any change that occurs in the 
biological functioning is much more gradual than would be expected to 
occur in a physical system. Moreover, the peak of a particular phase 
is far more important, say in the psychological functioning. If one 
takes the case of manic-depression, which is one of the well documented 
cyclical processes, one would expect the peak of the attack of mania 
and depression to be the most important one, where the patient would 
need the greates care, rather than at the switching process.
The application of biorhythmic critical days in relation to accident 
occurrence has led to most controversial results.
Wright (1978) checked accidents from two different army bases against 
the critical days of the individuals involved. A detailed statistical 
analysis by three different methods revealed that no more accidents 
occurred on critical days than on any other days. There was no 
difference in the results even when the factors of age, sex and time 
were taken into account.
Kinukawa et al (1973) studied the influence of biorhythms on accidents
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in schools. It was concluded that the probability of the occurrence 
of accidents is higher on the critical days. Moreover, the evidence 
indicated that physical and intellectual rhythm particularly are strong 
factors associated with accidents among school children.
In still another study, Wolcott and McMeekin (1977) correlated general 
aviation accidents with the biorhythm theory. Data was analysed with 
both biorhythmic critical days and with individual and multiple or 
negative phases of cycle. It was concluded that there was no 
significant deviation from the random model, when analysed by 
Chi-Square at the P < 0.1 level. No correlation was found between 
accident occurrence and biorhythmic criticality or low phase of 
cycle.
Weaver (1973) claimed that 49% of the US Army accidents he investigated 
occurred on critical days. The length of the critical period was not 
defined in his study. Moreover, the same data when included in 
Wolcott's (op cit) more extensive analysis of over 1,000 US Army pilot 
involved accidents, showed no correlation with biorhythmic critical 
days.
The use of accident data restricts the analysis to low performance 
potential areas of a cycle. Rogers et al (1974) designed an experiment 
to test whether anything unusual happened to people on their 'so called' 
critical days. Self ratings were made each day by the subjects on their 
mood and quality of sleep, together with ratings performed by other 
people. A detailed statistical analysis of the data showed no 
significant differences on either the self ratings or ratings by others. 
The authors concluded that the critical days hypothesis has not been 
shown to be a meaningful concept.
BIORHYTHMS AS FUNDAMENTAL AND UNIVERSAL FREQUENCY OSCILLATORS
The assumption underlying the calculation of critical days and "good" 
and "bad" days is that human behaviour is characterised by inherent
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oscillators whose frequency is the same for all individuals.' These 
are assumed to be constant, precise and to continue unerringly 
throughout life. These rhythms are determined by the birth date of 
the individual and charted in terms of a sine wave.
There are two basic fallacies' in the above conceptualisation. Firstly, 
to assume without even determining any physical basis for the rhythms 
themselves, that these are universal in length. Secondly, to declare 
that the function is an oscillator with a single frequency represented 
through a sine curve.
It is true that human behaviour is oscillatory. In the biological 
organisation oscillations are necessary to keep the cells alternating 
between extreme physiological states,, anabolic processes predominating 
in the one and catabolic in the other.' If these extremes are not 
reached certain physiological processes fall by the wayside.
Furthermore, it is also true that mathematical model building has been 
used to explain oscillatory behaviour (Wever 1965, 1966; Barrett 1966; 
Kalmus 1960). However, in all these cases an attempt is made to 
understand the rhythmic process in terms of the functioning of the 
physical system. None of the models regard the biological functioning 
to be akin to a physical oscillator in the literal sense, as is the case 
in biorhythms.
The mathematical and physical concept is relied upon today in the most 
advanced speculation about how the biological clock works. The term 
relaxation oscillation implies the sudden release of slowly accumulated 
and stored energy followed by reaccumulation. Perhaps this is how 
physiological and behavioural variables function and that is why they 
show a repetitive pattern in the function. Even within this concept 
some margin is left for the time/when some disturbance occurs during 
release or accumulation when it shows a desynchronised rhythm.
It is highly unlikely for biological function to oscillate with one
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fundamental frequency, which may then be depicted as a sine curve.
It is well known that only ideal systems can oscillate with a single 
rhythm or frequency. Thus any physical system which is observed to 
display rhythm there is always more than one frequency at which the 
system is oscillating. This is due to the internal structure of the 
system and because of external disturbances. Therefore the closest 
one could get to is to assume that thdre are oscillations in the 
functioning of the individual and to study the rhythm by decomposing 
the function into sine and cosine functions, by means of the time 
series analysis. The technique which has been developed for the 
purpose of studying data ordered in time; which has also been the 
substance of this thesis and rhythm research in general. (See Orr 
and Naitoh 1976; Vaux 1972; Mercer 1960; Engeli and Halberg 1964.)
In the present study, an attempt has been made to explore the inherent 
mechanism of the biological time structure, in terms of physical and 
mathematical model, though it is elaborate mathematics which describes 
their function and enables one to use them. It does not seem possible 
to study the time structure of biological and psychological functioning 
and use it for prediction and control on the basis of a simple formula
and the use of one's date of birth.
The findings of the present research have demonstrated, at least for the 
sample studied, that human behaviour has rhythmic components and that 
it is also possible to detect long term rhythms, but the frequency of 
these rhythms is in no way universal. The standard deviation of the 
group mean cycle shows too large a scatter for this to be the case. 
Moreover, even for the same individual with the use of a powerful method, 
it is only possible to detect the period within a frequency bandwidth 
and not a single, unitary frequency. Repeated testing of one particular
subject (JC) for almost a year demonstrates it clearly that there is a
fundamental frequency. However, it will exhibit fluctuation.
As far as circadian rhythms are concerned it has been well documented
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that rhythms which are otherwise persistent may show desynchronisation 
due to the inducement of shock, stress, or illness. Meeke (1978) has 
shown that patients with endogenous depression reveal disturbed 
circadian variation of serum thysotiopon. There are several studies 
demonstrating that stress may induce changes in the rhythmic patterns 
of hormone concentration in the blood (Ader 1967/ Conroy et al 1968/ 
Froberg et al 1970/ Haus and Halberg 1970) .
One of the few well documented long term rhythms, which has also been 
associated with an external correlate, is the 28 day menstrual cycle. 
However, even the 28 days are just an average and have not been proved 
to be universal for every female. Individuals can and often do depart 
from this cycle length.
To conclude, the criticism on biorhythmic theory is not the notion 
which underlies it, the individual is undoubtedly a different 
physiological and psychological entity at different times of the day 
and month. The change is not chaotic, but follows a rhythmic pattern. 
It is reasonable, therefore, to assume that people can forecast their 
rhythms empirically (Luce 1972). What is not plausible is the 
formula concocted by Fliess and the assumptions underlying it. As 
Luce (op cit) has put it "... it is not so easy as a simple formula 
for though we all are rhythmic beings, the slightly different beats 
we walk to makes a large difference in monthly or yearly undulations". 
Thus the only way reliable results could be achieved is by analysing 
individual data.
5.5 GENERAL CONCLUSION
The major conclusion of this investigation are:
1 That there is long term intraindividual variability on a number 
of measures.
2 There are interindividual differences in the frequency of the 
rhythms.
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3 That the rhythms show an interaction between the physiological 
and behavioural parameters studied.
4 The exaggerated rhythm of the psychiatric patient may be 
related to their disease entity.
5 There are no age or sex differences in the rhythms recorded.
In addition to these conclusions, it appears that there might be both 
endogenous and exogenous mechanism control.
It is too early to suggest anything about the applicability in 
practical situations. It may be worthwhile, however, to take the long 
term variation into account in psychological testing, particularly in 
the area of mood questionnairesv and at least some of the physiological 
measures.
With the accumulation of more evidence of long term rhythms, the 
concept of reliability of the psychological test will need to undergo 
some rethinking. What is now considered a test with low reliability 
may be tapping the functioning of the same individual at two different 
time points of a long term cycle relevant to the variable being 
measured.
The knowledge gained in this investigation could serve at least as a 
first hypothesis in subsequent investigations. It is not possible at 
this stage to precisely pinpoint complicated phenomena, one must 
anticipate exceptions to whatever generalisations appear.
5.6 FURTHER RESEARCH
The present research had been at a very tentative level. It was quite 
impossible within the scope of this research to be in any degree 
comprehensive. The basic aim was the proof of long term rhythmicity 
in normal and psychiatric patients and the possibility of recording and 
analysing it. Key issues have been tapped but need to be considered in 
greater detail.
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Three major areas, where efforts need to be geared in future'are 
(1) the problem of the long term stability of rhythm, (2) some 
méthodologie problems, for instance the extent of the interaction 
of circadian rhythm, modifiability of the rhythm, and (3) improvisation 
of the analytic procedure. The technique of power spectrum, though 
by far the best, still needs to be modified and adapted to'the 
requirements of study of rhythmic components in the behaving organism.
5.6.1 STABILITY QF RHYTHM
The present observation has established the fact that long term 
rhythmicity is a characteristic of the behavioural parameters studied. 
That the functioning of the organism is equipped with such a metronome 
is not surprising. However, the knowledge by itself is not enough, in 
the sense of its application for prediction and control. It is true 
that the existence of long term frequencies has been demonstrated by 
spectrum analysis, which has proved to be statistically significant.
It still needs to be demonstrated that the frequency delineated by 
the mathematical and statistical analysis would prove to be stable and 
persistent with repeated testing.
Thus what is needed is a follow up study to prove the stability of the 
rhythms. In the present research it was not possible to perform such 
a test on a large scale. One of the female subjects, however, was 
studied for almost eight months on the visual analogue scale, which 
had proved a reliable measure for tapping subjective feelings.
One of the ways to prove that the frequency which has emerged is the 
true frequency of the parameter studied is to break the record with 
smaller periods and to analyse each period separately. Therefore, 
after the initial study, the subsequent record of the follow up study 
was divided into two parts of 76 days each and analysed through the 
power spectrum analysis and subjected to the test of significance 
(see Table XLVI of 4.0). In each case a strong 32 to 31 day rhythm 
emerged. Thus it appears that very long single records may be
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explored with success, but the problem remains as to how representative 
the subject is of the mother population. Another problem is whether 
the psychiatric patients who show an exaggerated rhythm in the first 
instance would show similar frequencies, or whether there would be 
something akin to a resynchronisation of the long term rhythms. The 
same is true for the normal subjects who have deviated from the mean 
frequency range.
There is a need for follow-up study with a group of subjects as a 
check on the stability of the rhythm.
5.6.2 METHQDOLOGIC PROBLEMS
Another area where further research would be of great value is some 
improvement in the mode of data collection or recording of rhythms 
themselves. It must be remembered that, regarding the present 
investigation, the sampling was restricted to one time point in 
24 hours. There is some suggestion that it may result in a 'beat 
frequency effect'. That is, the frequency of the rhythm could be the 
effect of a slipping circadian rhythm. Though the fact that almost 
all the subjects have shown frequency ranges within an underlying 
fundamental•frequency bandwidth strongly suggests that this is not 
the case for at least the sample studied.
It was not possible to test the two main groups more than once a day 
in order to accept or reject this probability. It was, however, 
decided to record a within day fluctuation in a group of subjects.
A group of female typists were selected and were instructed to jot 
down their typing errors every time it was committed. This was 
considered to give a true picture of the performance fluctuation, also 
there was no question of any practice effect. The results of the 
typists indicated a similar range of frequencies as that of the normal 
main group.
The ideal situation would be to observe the function at least twice a
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day. It will still be stressful on the part of the subject,, it may 
therefore be of value to use a telemetric device. A miniature radio 
telemetric system has been used with success in the recording of 
temperature and pulse, it will be a useful idea to incorporate it 
extensively in rhythm research.
Another possible area of interest which may form the basis of 
fruitful research is the search for biochemical correlates of the 
frequencies observed. There is some suggestion that urinary 
ketosteriods have shown a monthly rhythm. The biochemical analysis 
may prove to be of considerable importance in elucidating the causes 
of psychiatric disease entity.
One impinging problem with the study of rhythm with the psychiatric
patients was that every time a patient* showed disturbed behaviour the
data obtained had to be discarded because it was difficult to obtain t
their co-operation during this period. A selection of biochemical
analysis and telemetric device may be one solution, but limits the ;
choice of variables to those which can be appropriately measured by
telemetry. As far as biochemical analysis is concerned the controls
are much easier to carry out with the patients due to the strict
disciplinary nature of the functioning of the wards. The disturbed
patients are also bound to be restricted in their movements, therefore
the range of telemeter does not necessarily need to be longer. It may
also be fruitful for these patients to be rated by others on their
mood scale.
5.6.3 ANALYTIC PROCEDURE
Sollberger (1970) has said that "while one must admit that many 
theoretical problems remain to be solved in spectral theory, a rational 
periodicity analysis is well possible", Many error-correcting methods have 
been devised in the recent years in the spectrum analysis. Some were 
incorporated in the present research, for instance, smoothing the 
series before subjecting it to Fourier transform. There is still some
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need to remove from the series the elements attributable to seasonal 
variation and trend. Fitting of a cosine bell on either side of the 
data is a useful suggestion.
In the present analysis, a factor analytic method was used to see 
whether there was any correlation between various measures. A method 
which may prove more appropriate for "rhythm research is the 
construction of a coherence spectrum, that is, examination of two- 
time series ,for instance,pulse and temperature, simultaneously, not 
only to find something analogous to "correlation" in the frequency 
domain, but also to provide the added information of the cross 
correlation function.
The coherence spectrum analysis, however, was beyond the scope of the 
present research, since the initial purpose of the research was the 
detection of the rhythms themselves. Now that it has been proved 
that long term rhythms can be successfully detected, it would be 
worthwhile to carry on further complicated analysis.
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